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Abstracts of papers presented for the annual meeting scheduled for Cleveland, April 6- 
10, 1943. On account of the cancellation of this meeting, all the papers are to be regarded 
as “read by title.” For possible correction in any of the abstracts see the nest issue. 


The effect of bite salts on the excretion of cin- 
chophen and neoarsphenamine. J. H, Annegehs 
(by invitation), F. E. Snap? (by invitation) and 
A. C. Ivy. Depl. of Physiology, Northwestern 
Univ. Medical School, Chicago. The excre- 
tion of cinchophen and of neoarsphenamine was 
studied in 12 bile fistula dogs. The drugs were 
given in doses of therapeutic proportion on a body 
weight basis. After the biliary excretion of the 
drugs was determined with no return of bile or ad- 
ministration of bile salts, the tests were repeated 
giving three grams of oxidized, unconjugated or of 
unoxidized, conjugated bile salts daily. 

The excretion of neoarsphenamine uns not in- 
creased significantly with either bile salt prepara- 
tion. An average of 27.2 per cent of intravenous 
doses of neoarsphenamine was excreted in bile 
when no bile salts were given. An average of 29.0 
per cent and of 22.0 per cent occurred with the ad- 
ministration of conjugated unoxidized and with 
oxidized unconjugated bile salts, respectively. 

The excretion of cinchophen was facilitated by 
the administmtion of either bile salt preparation. 
An average increase in cinchophen recovery of 18 
per cent occurred when conjugated, unoxidizcd 
bile salts were given, and of 16 per cent when 
oxidized, unconjugatcd bile salts were given. 
[r/i!s work was assisted in part by a grant from the 
Dawcs-Alkinson Fund of Northwestern Univer- 
sity.] 

The retention of atabrine in the animal body, 
its excretion in bile and urine, and its effect on 
cholic acid output. J. H. Asnegehs (by invita- 
tion), F. E. Sn.app (by invitation), A. C. Ivy and 
A. J, Atkinson. Dept, of Physiology, Northicesl- 
ern Univ. Medical School, Chicago. Atabrine 
was given subcutaneously in doses of S.O mgm. 
dailj’ for five days to 24 white rats. Each rat was 
killed and the entire carc.iss extracted for atabrine. 
Twenty-four hours after the last dose, 29.5 per cent 
remained in the tissues. There was a progressive 
decrease, and tiio tissues were nearly free of the 
drug in three weeks, and completely free in five 
weeks. 

Five dogs were given 150 mgm. of atabrine orally 
in divided doses daily for one week. Twenty-four 
hovirs after the last dose, 0.0 per cent of the drug 
was recovered from the liver. On the 3rd, 10th, 
17th, and 52nd days after stopping the drug, 4.S, 
1.4, 2.2, and 0.51 per cent, respectively, was re- 
covered from the liver. 

Biliary excretion of atabrine was studied in six 


bile fistula dogs after oral doses of 150 mg. daily for 
one to six days. After 24 hours, an average of 4.8 
per cent of oral doses was recovered from the bile 
when no bile was returned, and S.O per cent was 
recovered when bile was returned every 8 hours; 
24 hour urinary' excretion was 4.0 per cent when no 
bile was returned ; and 5.2 per cent when bile was 
returned to the intestine every eight hours. Total 
24 hour atabrine recovery in bile and urine was 9.7 
per cent of oral doses when no bile was returned 
and 11.5 per cent when bile was returned every 8 
hours. 

Simultaneously cholic acid output was studied. 
Ko significant change in cholic acid output oc- 
curred. 

Further investigations on the insulin sensitivity 
of the hypophysectomized-adrenodemedullated 
rat and on the role of the adrenal cortex. V. 
Arnett (by invitation) and E. Geixhokn. Depl. 
of Physiology, Vniv.of Illinois College of Medicine, 
Chicago. In order to evaluate the r61e of the 
adrenal cortex in insulin sensitivity, the effects of 
fasting and insulin were studied in hypophysec- 
tomized-adrenodemedullated (h-a) and hy’pophy- 
sectomized-adrenalectomized (h-adr) rats. In 
contradistinction to our earlier work the h-a rats 
were first demedullated and ten days later hypo- 
phy'sectomized. They' were used for the insulin 
test (0.01 u/kgm) 2-5 days later. It was found 
that nine sensitive h-a rats showed an average 
blood sugar of 93 ± 4.4 mgm. per cent after 6 hours 
fasting whereas ten h-adr rats were already in a 
hy'ixjglyccmic state (blood sugar 77 ± 11.5 mgm. 
per cent determined after Hoffman). Tlic hypo- 
glycemia made this group less suitable for the in- 
sulin test tlian the h-a group. The experiments 
indicate that the adrenal cortex delays the fall of 
blood sugar on fasting in spite of its gradually 
developing atrophy. One hour after injection of 
insulin the blood sugar of the h-a rats averaged 
60 ± 6.3 mgm. per cent' whereas it was S3 mgm, 
per cent after S hours fasting without insulin. In 
two h-a’s the adrenal cortex seemed to be still 
functioning 14 and 28 days after hyiwphyscctomy 
judging from fasting blood sugar and insulin sensi- 
tivity. The experiments confirm the work of 
Gcllhorn, Feldman, and Allen and present evidence 
for the functioning of the adrenal cortex in spite 
of progressive atrophy. [.4 jded by a grant from the 
Josiah Maey Foundation,] 

The relation of the diet to the composition of 
tissue phospholipids. Camiu.o Artow and IVjl- 
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LiA-if H. Fishman (introduced by Arthur Groll- 
man). BcpL of Biochemistry, Bowman Gray 
School of Medicine, Wake Forest College, Winston- 
Salem, N'. C. Male albino rats raised to about 100 
grams on a mixed stock diet (containing 25 per cent 
proteins) were transferred to a synthetic casein 
diet (10 per cent casein, technical, 5 per cent cod 
liver oil, 5 per cent Crisco, 75 per cent carbohy- 
drates, plus minerals and yeast extract). Anal 3 ’'- 
ses were made for total lipids, choline and non- 
choline containing phospholipids, sphingomyelins, 
non-phospholipid fatty acids, and unsaponifiable 
matter in the liver and skeletal muscles. 

A considerable decrease in the choline containing 
phospholipids (calculated per 1 gram of delipidized 
liver) was observed, the maximum decrease of 
about 50 per cent occurring on the 12th day. A 
slight but definite tendency toward higher values 
was apparent in the subsequent period. Non- 
eholine containing phospholipids were affected to 
a lesser degree. Similar results were obtained with 
diets containing 5 or 30 per cent casein, except that 
with the 30 per cent diet the decrease was less 
considerable and the tendency toward the recovery 
more marked. 

In the two months old rats, supplementation of 
the casein diet with choline HCl, choline -I- cys- 
tine, serine, ethanolamine, or glycine, was quite 
ineffective in preventing or correcting the changes 

I the liver phospholipids. Supplementation 
with cystine or methionine caused an increase in 
both the weight of the delipidized tissue and in the 
total amounts of phospholipids in the total liver, 
but tlie concentration per gram of delipidized tis- 
sue remained unaltered. 

Recently weaned rats on the 10 per cent casein 
diet showed also a decrease in the concentration of 
lecithins when compared with similar rats on the 
adequate stock diet. But, unlike other more 
mature rats, the decrease is prevented by the daily 
administration of choline. 

Intracellular water changes in Rhesus monkeys, 
and rats in profound cold hypothermia without 
drugs. H. G. Barbouk, Elizabeth A. McKay 
(bj' invitation) and W. P. Griffith (by invita- 
' tion). Dept, of Pharmacology, Yale Univ. School 
of Medicine, Xcw Haven, Conn. Monkeys in a 
3°C room for one hour lost about 3.5°C in bodj' 
temperature; serum proteins (from specific grav- 
ity) and chlorides (Van Slyke and Sendroy) rose 
about 3 per cent agreeing with previous work here. 

Monkeys chilled in the same room by applying 
to the ventral surface a half-inch copper coil with 
water circulating at 7°C, lost hourly 5.5’C; scrum 
proteins rose 1 to G per cent (maximum at lx)dy 
temperature 35°C). Chlorides (usually after some 
fall) rose to a maximum at about 30'C bodr* tem- 
perature. .A.t 20'C the average chloride level was 
2.4 per cent below normal. 


It is concluded that ordinary' e.xposure of mon- 
Icej's to cold, with retention of reflexes, leads to a 
gain of intracellular water (as in cats, Barbour, Am. 
J. Phj'siol. 129: 304, 1940). When however, the 
hypothalmus becomes so chilled (without an 
anesthetic) as to abolish reflex responses to cold, 
water tends to leave the cells. 

Monkeys rewarmed from 20°C to normal exhibit 
very slow recovery of water bj' the cells. 

Serum and tissue chloride studies in groups of 5 
or more rats killed after similar treatment con- 
firmed the above, e.xcept that there was less evi- 
dence that the level of intracellular water in 
chilled rats became subnormal. Eats in the 3°C 
room (with metabolic rate -|-40) gained intra- 
cellular water in muscle and liver respectively 3.9 
per cent and 14.7 per cent, while in rats chilled 
(with metabolism —40) to about 20°C by cold 
coils, intracellular water of muscle was 0.5 per 
cent below normal, while that of the liver was still 
11.9 per cent above normal. 

Residual effects of oxygen at high barometric 
pressure. John W. Bean and Ernest C. Sieg- 
fried (by invitation). Dept, of Physiology, 
Univ. of Michigan. It has been frequently stated 
that the action of oxygen at high barometric pres- 
sures (OHBP) is entirely' reversible and that 
reeovery is immediate and complete on decom- 
pression. There is however some indication of 
residual effects. In an attempt to investigate such 
effects, albino rats were exposed to oxygen at pres- 
sures of from 5 to 6 atmospheres for periods of from 
15 to 20 minutes duration. Single exposures, and 
two or three e.vposures a da j' for several successive 
days were used. Decompression such ns to pre- 
vent O 2 bubble formation was begun at the onset of 
convulsive seizures, or when there was evidence 
of disturbed neuromuscular coordination in any 
one of the group of animals exposed. 

It was found tluit even after one e.xposure some 
animals which experienced a distinct convulsive 
attack retained very pronounced hypertonic motor 
paralyses, with a predilection for the forclimbs. 
The persistence of the dysfunction was more pro- 
longed after severe convulsive'attacks and in some 
cases appeared to be permanent. The occurrence 
of the convulsive seizure is not essential however 
to the induction of this residual loss of function for 
it was found in animals which experienced no con- 
vulsive attacks but which were subjected to sev- 
eral successive exposures to OHBP. The rcsiilt.s 
demonstrate that exposure to OHBP, particularly 
where successive exposures arc involved, induce 
alterations which arc not completely reversible, 
at least for periods as long as ten weeks. It is sug- 
gested that this incomplete rcver.sibility i.s duo to 
an irreversible change in cnzv'matic cellular i)rot c.“- 
■ses (Bohr, D. F. and J. W. Bean. Am. J. Phy.dol. 
131: ,3SS, 1940) particularly within the C.X.S- 
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Permeability to water in Pelomyxa carolinensis. 
W. H. Bema (introduced by S. 0. Mast). The 
Johns Hopkuis Univ. and the Marine Biologi- 
cal Lab. Specimens of a multinucleate amoe- 
boid oiiganism, Pelomyxa carolinensis (Wilson), 
were transferred from culture fluid of known con- 
centration to 0.1 M. and 0.2 M. solutions of man- 
nitol erythritol, and lactose. The specimens were 
measured at the time of transfer and at interrails of 
1, 2, 4, 6, 12 and 24 hours after transfer. The 
specimens decreased in volume in these solutions, 
at first rapidly, and then more slowlj'. The de- 
crease was greater in 0.2 IM. solutions than in 0.1 JI. 
solutions. 

Other specimens were transferred from culture 
fluid to distilled water and measured as above. 
During the first two hours they increased in vol- 
ume, and then very slowly decreased. 

Specimens kept in culture fluid eliminated water 
through the contractile vacuoles equal to 3.S per 
cent of the total volume of the otganism per hour; 
in specimens kept in distilled water the rate was 
6.4 per cent; in specimens transferred to the 
hypertonic solutions named above the output of the 
contractile vacuoles dropped rapidly, approaching 
zero after 80 minutes. 

From the gain or loss of water ascertained by 
measurements of the change in volume, with 
corrections for water eliminated through the con- 
tractile vacuoles, the rate of permeability was cal- 
culated. During the first hour of shrinking in 
hypertonic solutions, the average rate of per- 
meability was 0.031 cubic micra of water per square 
micron of cell surface per minute per atmosphere. 
.Mter one hour the rate decreased. During swell- 
ing in distilled water the rate of permeability did 
not vary' with time; the average value was 0.022. 

The return of electrical activity in regenerating 
nerve fibres. C. M. Berry (by invitation), 
H. Gru.vdfest and J. C. Hi.vset. Dept, of 
Analonip, Cornell Unir. College of Medicine, .Ycio 
S'orh City and Dept, of the Laboratories of the 
liockcfcller Inst, for Medical Research, New York 
City. A combined study of the electrical and 
histological properties of regenerating nerves was 
made on 51 cats. TIic right tibial, peroneal and 
saphenous nerves were divided, sutured and 
allowed to regenerate for 2 to 45 weeks. The 
nerves were first stimulated in situ to observe the 
return of motor and sensory function, then excised 
and placed in a moist chamber at 3S degrees C for 
examination of their electrical activity. They 
were fixed later for histological study. 

The first electrical responses were observed at 
2 weeks and wore slowly conducted. (1 to 2 mps.) 
Tlic maximum velocity of conduction then in- 
crc.ascd with post -operative time and after 45 
Weeks reached about 80 mps. in pcronc.al and tibial 
ncrv'cs. The diameters of the largest regenerating 


fibers increased similarly. The relation between 
the diameters and the conduction velocities of the 
regenerating fibers was approximately linear like 
that found in nerves of normal growing and adult 
cats. 

As impulses traveling in the large fibers central 
to the suture passed into their smaller peripheral 
outgrowths, their velocities decreased abruptly. 
The fibers conducting most rapidly below the 
suture had central rates of 30 to 120 mps. There- 
fore, the largest peripheral outgrowths did not al- 
ways come from the largest axons. 

The rates of regeneration were similar to those 
found by others. (J. Z. T'oung, Physiol. Rev. 22: 
318, 1942.) Regenerating fibers showed higher 
thrcshholds to stimuli. They were responsive to 
repetitive stimuli. 

The excretion of sympathomimetic amines 
(tyramine and paredrine) by man. Karl H. 
Beyer and J. W. Stltzmax (by invitation). The 
Dept, of Physiology, Univ. of li'isconsfn Medical 
School, Madison. Because tyramine (p-hydroxy'- 
phcnethylamine) is rapidly deaminated in vitro 
by aminase of liver and since both it and pare- 
drinc (p-hydroxyphenisopropylamine) are rapidly 
oxidized by phenolase from potatoes it luis been 
supposed that these related compounds were de- 
stroyed in the body. 

By an extraction — purification process tyramine 
and paredrine were removed from urine, coupled 
with a diazonium compound and identified by the 
resulting colored solution. Thirty milligram doses 
orally of either amino were e.xcreted in considerable 
quantities within 2 hours and for a duration of at 
least 12 hours. 

Experiments using the Warburg apparatus were 
performed which revealed that compared to control 
urine, excreted before the ingestion of 30 mgms. of 
cither amine, urine collected within S hours there- 
after showed a significantly greater oxygen uptake 
in the presence of phenolase, demonstrating the 
presence of the unconjugated phenolic portion of 
the molecule in urine. Also, sufficient quantities 
of the pressor amines were extracted from urine 
following their ingestion to give a significant rise 
in blood pressure when injected intravenously into 
anesthetized dogs. 

It is proposed that since these compounds arc 
only very slightly active orally in doses uj) to 50 
mgm. they are quickly conjugated on being ab- 
sorbed into the body, in which form they are re- 
fractory to the action of aminase and physiologi- 
cally inactive. Carried to the kidneys the active 
compound is split from the inactive form cither in 
the kidney parenclijuna or in the urine as it passes 
through the urinary tract. 

An analysis of the role of magnesium sulphate 
in evacuation of the biliary tract. E. A. Bovde.v, 
George S. Bergh (by invitation) and John* 
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A. Layne (by invitation). Depls. of Anatomy, 
Surgery and Medicine, Univ. of Minnesota. 
Data obtained from 10 series of cholecystograms 
of students and from manometer readings of 12 
choledochostomized patients demonstrate that 
while MgSo 4 acts with less force than egg-yolk — 
gall bladder volume being reduced in 30 minutes 
bj' only 42 per cent (cf . 71 per cent after egg-yolk) 
and sphincter resistance being lowered only 3.1 
cm. (cf. 7 cm. after egg-yolk) — nevertheless it acts 
for the same time and in the same way as egg-yolk. 
Thus, after each substance was administered, gall 
bladder contraction ceased appro.ximately 33 min- 
utes later (av. for each group of 9-12 students) and 
sphincter resistance reached its lowest point ap- 
pro.ximately 22 minutes later (av. for each group of 
9-14 patients). This suggests that MgSoi is not 
local in its action, but that like egg-yolk it gives 
rise to a hormone that is transmitted to both gall 
bladder and sphincter. That it induces less reac- 
tion in each organ than egg-yolk maj^ be due to the 
fact that it is not absorbed as readily, or that it is 
not chemically so effective. The other observa- 
tion — that duration of fall in resistance of sphinc- 
ter is less tlian duration of contraction of gall 
bladder, in response to ingestion of either sub- 
stance — may be explained on the basis that the 
liorraone must overcome a tonic contraction of the 
sphincter which, there is some evidence for believ- 
ing, is maintained by a local nerve net (Johnson 
ind Boj'den. Surg. Gyncc. and Obstet., 1943). 

Hemorrhagic and anoxemic anoxia in shock. 
Bern'ard L. BROF.AtAN (by invitation) and Har- 
old D. Gree.v. Dept, of Physiology, Western Re- 
servc Univ. School of Medicine, Cleveland, 0. 
Hemorrhagic anoxia was produced in 13 anes- 
thetized dogs by progressive bleeding until the 
mean blood pressure fell to 40 to 50 mm. Hg. After 
2-4 hours, during which approximately 25 per cent 
of the blood was reinjected to prevent further 
decline, reinfusion of the remaining blood resulted 
in a temporary rise in blood pressure followed by a 
gradual decline, death ensuing in 2 to G hours. 
O.xj’gen consumption was reduced 30 to 50 per cent 
during both hemorrhagic and the terminal hypo- 
tension. 

Anoxemic anoxia was produced in 15 dogs by re- 
ducing the oxygen in the inspired air to S-10 per 
cent for 2 to 5 hours. An initial rise in blood 
pressure was followed by a gradual decline which 
in some animals reached a critical level (50-70 mm. 
Hg) characterized by slowing, then cessation of 
respiration, cardiac slowing, rapid decline of blood 
pressure and death, unless air and artificial respira- 
tion were administered. Some dogs maintained 
an adequate blood pressure, in others the critical 
level was avoided by increasing the oxygen by 1-4 
per cent. Rectal temperature remaining un- 
changed, oxygen consumption was constant during 


theano.xemia despite the increased cardiac activity 
and the 2-5-foId increase of respiratory minute 
volume. However, o.xj’-gen consumption decreased 
materially during the decline of arterial pressure. 
Upon return to air, blood pressure rose, but in 13 
dogs it subsequently declined and the animals died 
in 3-12 hours. 

Thirteen of 14 control dogs maintained a normal 
blood pressure for 10 to 16 hours when they were 
sacrificed. 

Injury and action potential in relation to nega- 
tive phosphate ions. W. E. Burge and W. E. 
Pugh (by invitation). Dept, of Physiology, Univ. 
of Illinois, Urbana. The gastrocnemius muscle 
of a frog was removed and cut transversely near 
one end. When the cut ‘end was placed against 
one non-polarizable electrode and the sound sur- 
face against another with a galvanometer in the 
circuit, a current of 0.275 microamperes passed 
from the positive sound surface to the negative 
injured end. 

Application of 0.6 N CaCl- to the injured end, 
thus precipitating the phosphate, decreased the 
current practically to zero in 18 minutes, while a 
subsequent application of 0.6 N H 3 PO 4 to the 
injured end of this same muscle restored the cur- 
rent almost to its original strength in 18 minutes. 

Application of 0.6 N MgCl- to the injured end of 
a muscle decreased its negative potential only 
about one tenth as much as did 0.6 N CaClj in 18 
minutes in keeping with the fact that magnesium 
is only about one tenth as effective as calcium in 
precipitating phosphate. 

Application of 0.6 N NaCl had little or no effect 
on the negative potential of the injured end of a 
muscle in 18 minutes in keeping with the fact that 
NaCl does not precipitate phosphate. 

These observations suggest that injury potential 
may be due to negative phosphate ions. Close 
similarit}" of stimulated and injured muscle sug- 
gests that the negative potential of contracted mus- 
cle like that of injured may be due to negative 
phosphate ions, ionizable inorganic phosphate 
being formed in both. Stimulated muscle may bo 
regarded as slightly injured muscle, for any agent 
which will stimulate will injure if of sufficient 
intensity. 

Nerve impulse in relation to free phosphate 
ions. W. E. Burge. Dept, of Physiology, Univ. 
of Illinois, Urbana. The gastrocnemius muscle 
of a frog was removed with a long piece of its nerve 
attached. The nerve was blocked near the muscle 
with novocain. One non-polarizable electrode was 
placed on the nerve near the block and another at a 
distance from the block with a potentiometer in 
the circuit. Stimulation of the nerve near its end, 
with moderately strong tetanic shocks, set up 
negative charges which passed along the nerve, 
accumulated near the block and rendered this area 
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of the nerve temporarily electronegative. Stimu- 
lation of the nerve for ten seconds increased the 
negative potential of the area of the nerve near the 
block -25 microvolts X K over that of a portion 
of the nerve further away from the block. 

Attempts were made to analyze these two por- 
tions of the frog’s nerve for free phosphate accord- 
ing to the method of Youngburg, but the material 
was too small in amount for analyses. So the vagi 
nerves of large dogs were blocked, stimulated and 
the portions of the nerve near the block where the 
rise in negative potential occurred as well as similar 
portions further away from the block were analyzed 
for free phosphate ions. 

It was found, in the ten dogs used, that the por- 
tions of the nerve near the block where the rise in 
negative potential occurred contained 11 per cent 
more free phosphate than the portions of the nerve 
further away from the block. 

These observations suggest that nerve impulses 
are propagated pulses or surges of ionization of 
phosphate. 

Muscular exercise, fatigue, and exhaustion in 
relation to brain potential. W. E. Btjbge. Dept, 
of Physiology, Univ. of Illinois, Urbana. When 
one electrode was placed on the forehead as near 
over the motor area as the receding of the hair 
would permit and another on the forearm, with a 
galvanometer in the circuit, a current passed from 
the forehead to the forearm, thus showing the fore- 
head to be electropositive. The strength of this 
current varied with the activity of the subject. 

During rest the current decreased practically to 
zero. During three minutes of wrestling, it 
increased to 1.25 microamperes; during the next 
three minute bout to 2.75 microamperes; during 
the next bout when the wrestlers had begun to 
fatigue, instead of increasing, the current de- 
creased to 1.75 microamperes ; and during the final 
bout when the wrestlers were exhausted, the cur- 
rent decreased to zero and reversed its direction 
to the extent of —0.75 microamperes. This rever- 
sal could be produced at the beginning of the 
wrestling season, but not later in the season when 
the men were in training. 

We had found tlrnt the positive potential of the 
scalp fluctuated with the negative potential of the 
underlying cortex so scalp potential can be used as 
an index to cortical potential. Hence the rise in 
positive potential of the scalp during exercise 
(wrestling) indicates an increase in the negative 
potential of the underlying motor cortex, and the 
fall in scalp potential in fatigue indicates a de- 
crease in negative potential of the underlying 
motor cortex brought on by excessive loss of 
negative charges or nerve impulses passing out 
over motor nerves to the muscles. 

The effect of maternal thyro-parathyroid de- 
ficiency on fetal thymic size. D. B.mley Caevix. 


Dept, of Biological Chemistry, Medical Branch, 
Univ. of Texas, Galveston. In previous reports 
it was pointed out that thyroid deficiency in the 
mother during the period of gestation led to in- 
creased thymic gland size in the new-born white 
rat fetus. Hypothyroidism was induced in the 
female bj' partial or complete thyro-parathyroidec- 
tomy. The first data presented were obtained 
from litters delivered by operated females receiv- 
ing only calcium gluconate or lactate supplements 
in the diet and drinking water Many females 
were unable to survive gestation or parturition, 
due to the hypo-parathyroid condition following 
operation, and died in hypocalcemic convulsions. 
Blood calcium values were considerably below 
normal. 

Another series was carried through in the same 
manner, except for the use of small dosages (0.1- 
0.15 ml. per day) of parathyroid extract (Lilly). 
The maternal fatalities were decreased to a low 
percent and breeding, impregnation, gestation and 
parturition were far more satisfactory. Blood 
calcium levels were low normal. 

In a third series of animals, even more parathy- 
roid extract uas used (0.25-0.60 cc/day), other 
conditions being the same. Further improve- 
ments in the females were noted. 

For the three groups studied fetal thymic 
weights decreased toward normal as the well being 
of the mothers improved as a result of parathyroid 
therapy. In the third group the average fetal 
thymic weight was approximately 10 per cent 
above normal as compared to values of 20-25 per 
cent for group two, and 20-50 per cent in fetuses 
from operated mothers given only calcium salt 
supplements to compensate for the hypo-para- 
thyroid condition. 

It would seem, therefore, that, although thyroid 
efficiency in the mother may have some effect on 
fetal thymic size, the greater effect may be at- 
tributed to parathyroid deficiency and its atten- 
dant hypocalcemia. 

The effect of p-aminobenzene-sulfonamide and 
2-sulfanilyiaminothiazoIe upon the capacity of 
monkeys to withstand low atmospheric pressures. 
James B. Cajipbeu. (by invitation) and Ebbe C. 
Hofp. Laby. of Physiology, Yale Univ. School of 
Medicine, New Haven, Conn. Young, mature 
monkeys {Macaco mulalta) were subjected to 
simulated high altitudes by decompression at two 
different rates: In slow “flights”, pressure was 
reduced to 400 mm. Hg in 10 minutes and subse- 
quently diminished by 50 mm. Hg stages at 10- 
minute intervals. In fast “flights”, animals were 
decompressed to 400 mm. Hg in 1 minute followed 
by 100 mm. Hg “ascents” with 5-minute intervals 
at each level. “Ceilings” attained in slow control 
runs wried between 250 and 180 mm. Hg (average, 
220 mm. Hg), decompression lasting from 44 to 95 
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minutes from onset to point of apnea (average 
duration, 63 minutes). The average control 
“ceiling” at the fast rate vas 241 mm. Hg (average 
duration, 20 minutes). After oral administration 
of 0.5 gms. of p-aminobenzene-sulfonamide (sulf- 
anilamide), most animals showed greater toler- 
ance to decompression at the slow rate, supporting 
runs as long as 97 minutes and reaching pressures 
as low as 180 mm. Hg. When sulfanilamide ad- 
ministration was followed within 2 to 5 hours by 
fast decompression, the “ceiling” was always 
lower than in previous slow or fast controls (250 
to 290 mm. Hg). 

Preliminary experiments suggest that 2-sulf- 
anilylaminothiazole (sulfathiazolc) diminishes the 
tolerance of monkeys to both fast and slow 
“flights.” With one exception, muscular tremors 
and convulsive episodes commonly seen during 
control runs did not occur during decompression 
after sulfanilamide or sulfathiazolc administra- 
tion. Typical flattening of the T-waves of the 
electrocardiogram observed in control experi- 
ments was never present in fast “flights” after 
sulfanilamide medication. 

Mechanism of fertilization of eggs. IMatilda 
M oLDExnATJER Brooks. Uiiiv. of California, 
Berkeley. The oxj’gen consumption of Arhacia 
punclulala eggs and larvae was measured bj' the 
Warbui-g method. Methylene blue and KCN 
(0.004 per cent and 5 X 10“^ M respectively) were 
ised to change the rate of O 2 consumption. There 
s a direct relation between the rate and the redox 
jiotcntial of cells (Genevois, 192S; and Barron, 
1930). Therefore changes in the rate by these 
reagents are here interpreted to mean changes in 
the redox jrotcntials of the clectromotivcly active 
enzyme systems controlling the rate. 

The following conclusions arc arrived at : the 
redox potential is low in unfertilized Arhacia eggs, 
rises at fertilization, is highest at gtistrula and 
decreases again in the pluteus. Sperm has a high 
rate, therefore a relatively high redox potential. 
Sperm raises the redox potential of the systems 
when added to unfertilized Arhacia eggs, thereby 
producing fertilization. In such forms as 
Cumingia, the decreased rate on fertilization 
would be interpreted in the light of the above to 
mean that for these forms, the redox potential of 
the \infertilizcd egg is too high and would need to 
be lowered to the appropriate Icv'cl to initiate cell 
division. From studies on artificial p;irthcno- 
genesis, it aj)poars that a specific substance is not 
necessary for the initiation of development. The 
suggestion is therefore offered that the proces.s of 
fcrtiliz;ition is dcpcnilent directly or indirectly 
uiwn the cst.ablishinent of the appropriate redox 
{>otentiat of the respiratory enzyme system.s. 

The determination of the median lethal dose 
(LD 50) of pentothal sodium [sodium ethyl (l- 


methyl -butyl) thiobarbiturate] for rats. Em- 
mett B. Carmichael. Dept, of Physiological 
Chemistry, School of Medicine, Univ. of Alabama, 
University. The toxicity of pentothal sodium has 
been tested for both jmung and old rats. The 
drug was dissolved in water and the fresh solution 
was injected intraperitoneally Normal well fed 
animals were used: 1, 233 young rats (1 to 9 mo. 
old) and 2, 43 old rats (9 to 15 mo. old). The doses 
varied by increments of 5 mgni. from 100 to 140 
mgm./kgm. for the young animals, and from 110 
to 130 mgm./kgm. for the old animals. 

The median lethal dose (LD 50) for young rats 
was about 125 mgm./kgm. and for old rats was 
about 120 mgm./kgm. 

The Pasteur effect in bone marrow studied with 
carbon monoxide-oxygen mixtures. Charles E. 
C.A.RTER (by invitation) and Charles 0. W.vrren. 
Depts. of Aiiatomy and Physiology, Cornell Univ. 
Medical College, Nciu York City. Previous studies 
(C. 0. Warren, J. Cell, and Compar. Physiol. 19: 
193, 1942) h.ave shown that at low oxygen tensions 
there is a reciprocal relationship between dccrc:tsc 
in respiration and increase in glycolysis of rabbit 
bone marrow. This was interpreted as meaning 
that if a Pasteur enzyme is present in marrow, its 
affinity for oxygon is the same as that of the respira- 
tory enzy’me which is sensitive to reduced oxygen 
tension. The present experiments are an exten- 
sion of this study in which marrow respiration was 
inhibited by CO rather than bj' low oxygen ten- 
sions. Suspensions of bone marrow cells were 
equilibrated with O2-CO mixtures, the accuracy 
of which had been checked by oxygen analyses 
made by the dropping mercury' electrode method. 
Respiration was measured manometrically', lactic 
acid formation chemically'. Nine e.xperiincnts 
were performed with gas mixtures ranging from 02 
to 9S per cent CO. The average inhibition of 
respiration was 50 per cent ns compared with a 
45 per cent increase in gly'coly'sis. Since 95 per 
cent CO in 5 per cent 0: caused a 50 per cent 
decrease in respiration whereas with 05 per cent 
N 2-5 per cent O- there was only' a 10 per cent 
decrease, the cITects measured here are j)riinarily 
direct cfTccts of CO. The reciprocal rclation.ship 
between decrease in respiration and increase in 
glycoly'sis in CO indicates that the enzyme systonis 
responsible for these two effects have similar 
affinities not only for o.xygcn but also for CO. 
This throws doubt upon the existence in marrow 
of an independent Pasteur enzyme. 

Glycogen content of various parts of the central 
nervous system of dogs and cats. .Vx.vr.'n'f'- 
CiiF.SLER and Harold E. Hi.mwicii. Drpt. 'f 
Physiology and Pharmacology, Albany .]fidirn! 
College, Union Univ., Albany, A. 1. Kerr 
rietermined the glycogen content of the eerehr.;^ 
cortex and obtained value.s for dog-i, raf.n -ic • 
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rabbits somewhat less than 0.1 per cent. Though 
cerebral glycogen was resistant to other influences 
it rras reduced bj‘ hypoglycemia. In the present 
e.xperiments the glycogen content of the various 
parts of the neuraxis was determined in newborn, 
S-S week old and adult dogs and cats. The glyco- 
gen content of the newest phj’letic parts, the 
cerebral corte.x and caudate nucleus of the cat and 
dog increased with age. For the intermediate 
portions, a moderate decrease was found in the 
thalamus and corpora quadrigemina of the cat, 
while in the dog the thalamus showed a slight rise 
and the colliculi no change. The percentage of 
glycogen of the oldest parts, the cerebellum, the 
medulla, and cord, fell progressively both in the 
eat and in the dog. Work is being continued to 
determine the effect of insulin on glycogen content 
of the various portions of the neura.xis. In pre- 
liminary e.xperiments it has been observed that 
prolonged hypoglycemia reduces the glycogen 
content of all parts of the neuraxis of adult dogs 
and cats. [Aided by a grant from the John and 
Mary R. Marklc Foundation.] 

Effect of various forms of anoxia and of condi- 
tions causing excitation of sympathetic centers 
on Icucocytosis. F. B. Clare (by invitation), 
C. H. Cress (by invitation) and E. Gellhorn. 
Dept, of Physiology, Univ. of Illinois College of 
Medicine, Chicago. The dependence of loucocyto- 
sis on the sjonpathetico-adronal (s-a) system was 
investigated by using various procedures which 
centrally excite the s-a system. Normal, 
vagotomized (to exclude the vago-insulin system) 
and adreno-demedullated rats were used. No 
effect on the vago-insulin system was found but 
it was observed that electrosliock and metrazol 
cause leucocytosis in normal and vagotomized rats 
and no change in adreno-demedullated rats. The 
maximal change averaged more than 100 per cent 
under these conditions. Typhoid-paratyphoid 
vaccine caused marked leucocytosis in normal and 
adreno-demedullated rats suggesting a direct 
action of the toxins on the bone marrow. The 
leucocytosis following electroshock, metrazol, and 
ty'plioid vaccine was neutrophilic. 

Experiments involving various forms of anoxia 
(CO-poisoning, anemia following the removal of 
one-third of the total blood volume, and exposure 
of rats to a barometric pressure of 400 mm. for 
12 hrs. daily) led to leucocytosis only in normal 
but never in adreno-doraodullatcd rats. The 
experiments show that with the exception of 
typhoid-paratyphoid toxin procedures leading 
to s-a discharges cause leucocj’tosis. It is assumed 
that adrenalin acts on the bone marrow. [Aided 
by a grant from the Josiah Macy Foundation.] 

Increased insensible water loss during exposure 
to low barometric pressure. \V. D. Collixgs (by 
invitation), II. G. Swaxx, C. U. Dernehl (by 


invitation) and J. K. Cline (by invitation). 
Depts. of Physiology and Preventive Medicine and 
Public Health, Univ. of Texas School of Medicine, 
Galveston. Preliminary studies revealed that 
j'oung adult rats exposed to a pressure of 3S0 mm. 
Hg lose 10 to 13 per cent of their body weight in 
12 to 24 hours, Sea level controls under identical 
conditions (fasted, water ad lib.) lose about 8 
per cent. 

An analysis of this weight loss was made employ- 
ing methods similar to those used by Hall (Biol. 
Bull. 42: 31, 1922). It was found that increased 
weight loss in test animals was due to an increase 
in insensible water loss unaccompanied by thirst. 
Urine volume was essentially identical in tests and 
controls. 

That anoxia, and not reduced pressure per se, 
is the causative factor was established by allowing 
the test animals to breathe 99 per cent O; during 
exposure to a pressure of 380 or 190 mm. Hg. The 
increase in negative water balance did not occur. 
Furthermore, when anoxia was produced by giving 
rats a mixture of 10| per cent 0- and 891 per cent 
Ns, at normal atmospheric pressure, the negative 
water balance was as great as tliat seen in air- 
breathing animals at 380 mm. Hg. 

The likelihood that the observed phenomenon 
was caused by hyperventilation accompanying 
anoxia has been investigated, also. Rats were 
allowed to breathe mixtures containing 5, 10 or 
15 per cent CO-, 21 per cent 0- and the remainder 
Nj. The insensible water loss showed no propor- 
tionality to the amount of COj inhaled- How- 
ever, the extent of water loss was almost as great 
as that seen in rats exposed to 380 mm. Hg in air. 

Changes in angiotonin (hypertensin) and renin- 
activator (hypertensin precursor) in hemorrhage 
and shock. Dean A, Collins and Angie S. 
Hamilton (by invitation). Dept, of Physiology, 
Temple Univ., School of Medicine, Philadelphia. 
These experiments confirm our previous sugges- 
tion that dogs in hemorrhagic shock develop ex- 
haustion of renin-activator. 

Dogs were usually anesthetized with morphine 
and barbital. Using guinea-pig’s ileum angiotonin 
was assayed in arterial plasma heated 6 minutes 
at 90°C. to destroy renin, renin-activator and 
hypertensinase. Before hemorrliage responses 
were minimal; after adequate hypotension in- 
creased responses invariably occurred. The active 
heat-stable material was probably angiotonin; 
samples from adrenalectomized dogs after hemor- 
rhage also caused vasoconstrictor responses in the 
perfused rabbit’s ear and elevations of blood 
pressure in intact dogs ; increased responses never 
occurred with samples from nephrcctomizod- 
adrenalcctomizcd dogs. 

Renin-activator was determined by incubating 
plasma C minutes at 37'C. with an excess of renin 
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(kindly supplied in part by Dr. I. H. Page) before 
heating. Intact dogs showed diminution of renin- 
activator after prolonged hypotension (e.g., after 
consecutive periods of 95 and 80 minutes or more 
at 40-60 and 20-40 mm. Hg. respectively); 
angiotonin usually decreased following its earlier 
increase. Pronounced individual variations oc- 
curred. One animal showed extreme reduction of 
renin-activator after 60 minutes and another no 
reduction after 150 minutes at 40-60 mm. Hg. 
Preliminary destruction of hypertensinase did not 
alter the picture. Usually in adrenalectomized 
dogs angiotonin appeared less readily, and more 
prolonged hypotension was required to dimin- 
ish renin-activator. Adrenalectomized-nephrecto- 
mized dogs in hemorrhagic shock showed marked 
increases in renin-activator. 

Although assay on perfused rabbits’ ears was 
less satisfactory, it corroborated these conclu- 
sions. [Aided by a grant from the John and Mary 
R. Markle Foundation.] 

ElTecls on renal function of the onset of shock 
due to partially occluding limb tourniquets. 
A. C. CoHCOHAN, Robert D. Taitor (by invita- 
tion) and Irvine H. Page. Lilly Laby. for 
Clinical Research, Indianapolis City Hospital, 
Indianapolis, Hid. Diodrast and inulin clear- 
ances, urine flow and blood hematocrit indices 
were observed under pentobarbital anesthesia 
during the onset of shock due to application of 
tourniquets which caused nearly complete cessa- 
tion of arterial flow. The observations were made 

i normal dogs, in unincphrcctomized dogs with 

ingle cxplanted kidneys and after bilateral renal 
denervation and splenectomy. As part of another 
study, beef metamyoglobin was given intra- 
venously at the time of release of the tourniquets 
in two experiments. 

During the slow limb swelling which follows 
application of the tourniquets, diodrast and inulin 
clearances and filtration fraction arc usually 
greatly decreased, as is also urine volume. These 
values only slowly return towards normal with 
release of the constricting cords. The depression 
of renal function, unlike that which follows hemor- 
rhage (Corcoran and Page, Fed. Proc., 1943) is 
not associated with corresponding changes in 
arterial pressure. Disting impairment of renal 
function does not follow the procedure, nor do the 
values of diodrast and inulin clearances or Tmo 
in conscious dogs differ signific.antly from tho.se 
obtained under pentobarbital anesthesia. Pre- 
vention of local fluid loss by prior fitting of snug 
plaster casts in one dog minimized the changes of 
clearance, hematocrit and arterial pressure which 
followed application and release of the tourniquet.?. 

The relation of the clianges occurring in renal 
function to total renal plasma flow and renal 
extniction, the jiarticipation of renal nerves and 


the effect of erythremia (Taylor and Pago, Fed. 
Proc., 1943) will be discussed from the observa- 
tions made in explanted, denervated and splencc- 
tomized dogs. 

Effects of hemorrhagic hypotension and of blood 
transfusion on renal function in dogs with normal 
and denervated kidneys. A. C. Corcoran and 
Irvine H. Page. Lilly Laby. for Clinical Re- 
search, Indianapolis City Hospital, Indianapo- 
lis, Ind. Diodrast and inulin clearances were 
measured during successive periods of hjqjoten- 
sion (co 60 mm. Hg, 60 min.) due to bleeding, and 
also during and after successive intra-arterial and 
intravenous transfusions of blood into anesthetized 
normal dogs, dogs with single, e.xplanted kidneys 
and after bilateral renal denervation. The changes 
observed were correlated with urine volume, 
arterial pressure, hematocrit index and plasma 
protein content. Renal extractions of diodrast 
and inulin were determined in the dogs with 
explanted kidneys and total renal plasma flow 
calculated. 

With allowances for decreased extraction during 
hypotension and for excretion of “extra” diodrast 
during restoration of blood, diodrast clearance was 
shown to parallel renal plasma flow. Indirect 
evidence was obtained for addition of diodrast 
and inulin to renal venous blood, apparently from 
interstitial fluid. The interpretations of diodrast 
clearance and of filtration fraction in terms re- 
spectivelj’ of renal plasma flow and relative intra- 
glomcrular pressure are therefore altered in this 
abnormal state. 

Transfusion restores renal blood flow and func- 
tion and arterial pressure in normal dogs after an 
initial hypotension, but restitution of flow as well 
as arterial pressure is progressively less adequate 
with succeeding periods of hypotension, in part 
as the result of renal vasoconstriction. Dogs with 
denervated kidneys apparently maintain renal 
vasoconstriction after the initial hypotension and 
since they show slower recovery of function after 
restoration of pressure than normal dogs. The 
suggestion is made that high spinal anesthesia 
may prevent restoration of renal circulation in 
patients with crushing injuries in whom its restitu- 
tion maj' be particularly imjiortant. 

Thyroid and thyrotropic hormone in vertebrate 
animal sera, Savi.vo A. D’.Vngei.o (liy invita- 
tion), Albert S. Gordon and IIarrv A. Charii’- 
TKR. Dept, of Biology, Washington Sgunre College 
of Arts and Science, Xeto York Unit'., New 1 orh 
City. Blood sera from representative animals of 
several vertebrate clas.ses were tested for their 
ability to further the mctamorphic advance in 
young starved tadpoles (metiiod of D’Angelo, 
Gordon and Cdiaripper. Endocrinology 31: 217, 
1912). Nine intraperitoncal injections of 0,05 fc, 
of the sera were administered, ori alternate d.iys, 
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to carefully selected groups of animals. Of the 
sera tested, those obtained from rats were the most 
effective, causing the most rapid growth of the 
hind limb. Cow serum uus more effective than 
lamb and rabbit serum. The latter two possessed 
somewhat greater potency tlian horse serum. 
Sera from adult frogs, turtles, pigeons and hypo- 
phj'sectomized rats contained no metamorphosis- 
inducing capacity. 

The thyroid glands of tadpoles injected with 
rat serum showed considerable activation (colum- 
nar epithelium, liquefaction and release of colloid). 
Very slight activation resulted from treatment 
with cow and rabbit sera whereas none was induced 
with lamb or horse serum. Frog, turtle, pigeon, 
and hypophysectomized rat sera were without 
effect on the histology of the tadpole thyroid. 

It would thus appear that, for the sera tested, 
only that obtained from rats contained appreciable 
quantities of thyrotropic hormone. The effects 
of the other sera in accelerating metamorphosis 
ate probably due to the presence of thyroid rather 
than thyrotropic principle. 

The role of blood pressure in electroencephalo- 
graphic changes during overventilation. Ches- 
TEK W. Darbow and Juman H. Pathman (by 
invitation). Inst, for Juvenile Research, Chicago. 
Hypocapnia of cerebral blood may be assumed to 
favor vasoconstriction. In the present study one 
minute periods of overventilation in si.xty tm- 
aneslhelued human subjects typically produce a 
marked fall in blood pressure. With adequate tall 
in pressure and no change in pulse rate, there may 
be no change in the electroencephalogram. If the 
fall (1) is lacking, (2) is not sufficient, or (3) does 
not persist throughout overventilation, increased 
alpha potential typically results. The increased 
alpha potential is apparently a concomitant of 
the cerebral vasoconstrictor tone. 

If during overventilation fall in blood pressure 
there is an appreciable increase in pulse rate, there 
is typically also an increase in slow “delta” activity 
of the electroencephalogram. Hyperventilation 
slow waves in the electroenceplialogram do not 
occur in our series without associated increase in 
pulse rate, except in a small group with pronounced 
sinus arrhythmia. Since hyperventilation in- 
crease in pulse rate occurs during fall in blood 
pressure and without either an associated effect 
on sympathetic palmar sweating or a decreased 
downward trend of blood pressure, increase in 
pulse rate is interpreted here as due to inhibition 
of parasjTnpathctic tone. Elcctroenceplialo- 
grapiiic evidence of concomitant cerebral effects 
involving slow waves suggests that blocking of 
parasimipathctic vasodilator impulses to the 
brain may render that structure susceptible to 
the spasmodic influence of hypocapnia. 

Depression of experimental polycylhemias by 


oxygen administration, soybean lecithin, and' 
carbaminoyl-choline. Johk E-mbrsoit Davis. 
Dept, of Physiology and Pharmacology, XJniv. of 
Arkansas, Lillie Rock. Experimental poly- 
cythemia was produced in 3 dogs by the daily 
administration of posterior pituitary solution 
according to our previously reported method 
(1942) and by cobalt feeding in 2 other dogs. 

Pure oxygen was administered by closed inhala- 
tion method to 3 polycythemic dogs for one hour 
daily'. In spite of continued daily injections of 
pituitrin, the red cell counts and hemoglobin per- 
centages of these animals were gradually reduced 
bj' about 15 per cent during the 5 days on which 
oxygen was administered. Within 3 or 4 days 
following cessation of o.xygen administration, the 
erythrocyte numbers of these dogs returned to 
their previous polycythemic values. 

The daily oral administration of 3 grams of soy- 
bean lecithin to 3 dogs which had a “pituitrin 
polycythemia,” and 2 dogs with cobalt-induced 
polycythemia, caused prompt reductions of 14 
to 20 per cent in their red cell counts. 

The administration of carbaminoyl choline 
chloride in a daily subcutaneous dose of 0.1 mgm. 
to four polycythemic dogs caused significant 
reductions of their erythrocyte numbers, despite 
continuation of the erythropoietic stimulating 
agents. 

Total leukocyte counts did not vary significantly 
during the production or reduction of poly- 
cj'themia. Two of the dogs had been splenec- 
tomized 6 months prior to these experiments and 
they responded in e.xaetly the same manner as 
normal dogs. 

Liver function and bile phosphatase in bile 
fistula dogs. Victor A. Drill (by invitation), 
J. H. Annegers (by invitation), F. E. Snapp 
(by invitation) and A. C. Ivy. Depl. of Physiol- 
ogy, Northwestern Univ. Medical School, Chicago. 
The bromsulphalein retention (5 mgm./kgm. of 
body weight), serum phosphatase, and bile phos- 
phatase were studied in 9 bile fistula dogs. The 
dogs received sufficient bile salts each day to 
maintain adequate bile flow. Abnormal liver 
functions developed in all dogs, as judged by 
bromsulphalein retention and serum phosphatase, 
within 1 to 12 days after operation. The serum 
phospliatase and bromsulphalein tests showed 
good correlation in detecting this damage. In 
three dogs the liver function tests returned to 
normal 8 to 13 days post-operativelj', whereas the 
liver function of the other dogs did not improve 
even after 60 to SO days of observation. 

When the liver function tests wore normal the 
bile generally contained between 5 to 30 units 
(Bodansky) of phosphatase per 100 cc. At the 
time abnormal liver functions developed the rise 
in scnim phosplwtase in 2 dogs was correlated 
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with a lowered excretion of bile phosphatase (1 
to 12 units/100 cc.), whereas the increase of serum 
phosphatase in 7 -dogs was associated with an 
increased excretion, or production (30 to 100 
units/100 cc.), of bile phosphatase. As the period 
of abnormal liver function lengthened, 4 of the 
7 dogs showed a fall of bile phosphatase to values 
below normal. The total output of bile phospha- 
tase per 24 hours was between 10 to 45 units, while 
the liver function tests were normal. As the bile 
phosphatase (units/100 cc.) increased or declined, 
the total bile phosphatase per 24 hours showed a 
similar change from the normal range. 

Comparative study of liver function tests in 
detecting hepatic damage produced by carbon 
tetrachloride. Victor A. DrIill (by invitation) 
and A. C. Ivv. Dept, of Physiology, North- 
western Univ. Medical School, Chicago. The 
following liver function tests were studied : brom- 
sulphalein retention (5 mgm./kgm. body weight); 
serum phosphatase; intravenous galactose toler- 
ance; prothrombin time; and serum bilirubin. 
Eight dogs were used, receiving 0.5 cc. of CCU per 
kgm. of body weight twice a week by stomach tube. 
The bromsulphalein test became abnormal in all 
dogs after 2 or 3 doses of CCU. Only one dog 
showed an abnormal response to the intravenous 
galactose tolerance test at the time the above 
tests detected hepatic damage. Six of the dogs 
later developed an abnormal galactose tolerance 
curve ns the doses of OCR were continued, whereas 
one dog did not show any change from normal 
during the experiment. The prothrombin time 
did not become abnormal as early as did the brom- 
sulphalein or scrum phosphatase tests. The 
prothrombin time later increased in four of the 
dogs as the administration of CCR was continued, 
whereas 4 dogs did not show any change from 
normal. Serum bilirubin, normally absent in 
the dog, was not detected during the experiment. 
Of the tests studied, bromsulphalein retention 
and scrum phosphatase were most sensitive in 
detecting the type of hepatic damage produced. 

Respiratory changes in pulmonary vascular 
capacity. Charles Dupee (by invitation) and 
Victor Jonxsox. Dept, of Physiology, Univ. of 
Chicago. In motion picture studies in which 
the outputs of the right and left ventricles were 
estiimtcd separately and simultaneously in dogs 
breathing normally, this lalMratory has reported 
(.\m. J. Physiol. 137: G20, 1012) that during in- 
spiration tlic output of the right ventricle in- 
cre.ascd, while that of the left ventricle decreased. 
These changes were interpreted as due to (a) an 
insjjiratory aspiration of blond into the right 
ventrich;, and (b) a simultaneous increa.«e in 
pulmonary vascular capacity such th.at tlie filling 
.and output of tiie left ventricle decreased in 
in-piration. 


These interpretations have now been tested 
under simplified conditions, using perfused terra- 
pin hearts, heart-lung, and lung-heart preparations 
enclosed in an artificial thorax. During artificial 
inspiration (a) in the perfused hearts alone (simu- 
lating the mammalian right ventricle alone), 
filling and output increased, (b) in the heart-lung 
preparations (simulating right ventricle plus 
lungs), the increase in pulmonary vascular capac- 
ity exceeded the increased ventricular output 
so that blood flow from the lungs decreased, and 
(c) in the lung-heart preparations (simulating 
the lungs plus left ventricle), filling and output 
of the ventricle decreased. 

In excised perfused dog’s lungs placed in an 
artificial thorax, “inspiration” caused increases 
in pulmonary vascular capacity (varying from 
20 to 29 cc. in 10-kgm. dogs) sufficient to accommo- 
date the extra blood (varying from IS to 32 cc. in 
10-kilogram dogs) pumped by the right ventricle 
in inspiration. 

The independence of the aural microphonic 
from auditory function. S. Dworkin, J. E. 
Hawkins, Jr. (by invitation), M. H. Lurie (by 
invitation) and H. Davis. Dept. Physiology, 
Harvard Medical School, Boston, Mass. Three 
cats whose auditory thresholds had been deter- 
mined by conditioned reflexes (CRs) were exposed 
under anesthesia to intense sounds. CR thresh- 
olds were again determined. The aural-micro- 
phonic threshold was determined and the cars 
fixed and e.xamincd histologically. In two ani- 
mals in which damage was very slight and very 
extensive, respectively, there was excellent agree- 
ment among electrical audiogram, CR audiogram, 
and histological findings. The third showed a 
large (60 db) and nearly uniform loss of sensi- 
tivity by CR from 500 to 6000 cycles, with some- 
what greater sensitivity for higher and lower 
frequencies. The aural-microphonic threshold was 
slightly and almost uniformly’ depressed (14 db) 
throughout the entire frequency' range. Only a 
very’ small nerve component appeared in response 
to click stimulation. The organ of Corti appeared 
normal in the first turn but was completely absent 
in the second and third turns except for a small 
patch at the hclicotrcma. The small nerve com- 
ponent corresponds .satisfactorily to the depressed 
CR function, but both were less than the state of 
the organ of Corti would suggest. The behavior 
of the aural microphonic does not correspond 
cither to the histological picture or to the CR 
findings. 

Other anim.'ils fdogs) with operative lesions 
h.ave .shown rlepre.ssed aural rnicroi)honir.s in 
frequency b.and." that were heard nonn.'dly by ( !>• 

Cats e.xposod to raiu.illy intense sounds, I>ut 
without ariesthesi.'i, sliov.'Cfl no iniiiairrmiit oi 
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auditor}' function or damage to tlie organ of Corti, 
probably due to the protective intra-aural reflex. 

Further work on the utilization of the lower 
fatty acids. J. A. Dye and Ouver L. Babcock 
(by invitation). Dept, of Phijsiolog.y, Cornell 
Univ., Ithaca. The sodium salts of acetic, 
butyric, captoic, and captylic aeids (Eastman) 
were injected intravenously into nembutalized- 
nephrectomized dogs in amounts containing 
equivalent numbers of carbon atoms, namely, 12, 

6, 4 and 3 mjM per kgm., respectively. The injec- 
tions were made in exactly 30 minutes, the rates 
of injection being such as to deliver equivalent 
numbers of carbon atoms per kgm. per minute. 
Curves of blood volatile fatty acids and blood 
ketone bodies were determined. The average 
times required for these fatty acids to disappear 
from the blood were 75, 165, 165 and 150 minutes, 
respectively . The corresponding average maximal 
blood ketone body levels were approximately equal 
for all except acetic acid, in which they occurred 
earlier and gave values only approximately one- 
half those of the others. -According to the suc- 
cessive beta oxidation-acetic acid condensation 
hypothesis of fatty acid oxidation, these should 
yield equal quantities of ketone bodies. Since 
the utilization rate n-as faster for acetic acid, the 
ketone body produotion;ketone body utilization 
mtio and the blood ketone body levels might have 
been expected to be higher for acetic than for the 
other acids. Furthermore, if the fatty acids were 
first totally oxidized to acetic acid and this in 
turn conjugated into acetoacetic acid, the maximal 
rates of ketone body production would not be 
faster, but more likely slower, than those follow- 
ing the injection of equivalent quantities of acetic 
acid as such. The above theory does not explain 
the observed results. 

The utilization of fatty acids by the extra- 
hepatic tissues. J. A. Dye and Roger W. Mars- 
TERS (by invitation). Dept, of Physiology, 
Cornell Univ., Ithaca. The utilization of intra- 
venously injected sodium saits of acetic, butyric, 
captoic, caprylic and capric acids by normal and 
abdominally -eviscerated dogs lias been studied 
further. .4.11 animals were nembutalized and 
nophrectomized. In the eviscerated prepara- 
tions, the extrahcpatic tissues alone utilized an 
average of 60, 43, 39, 71 and 20 per cent as much 
of the respective fatty acids as did the normal 
animals. A marked rise of metabolism occurred 
in both groups and was measured quantitatively 
for acetic and butyric acids. For acetic acid the 
average excess oxygon consumption was equiva- 
lent to 49 per cent and 39 per cent of t he t hcorctical 
amounts required to oxodiz.c completely the acids 
which disappeared in normat and eviscerated 
animals, respectively. For hutyric acid, these 
values were both 20 per cent. The specific dy- 


namic action of injected fatty acids may not be 
100 per cent of the theoretical amounts even though 
they were totally oxidized. These data offer 
indirect evidence that the utilization of these 
fatty acids was due, in part at least, to oxidation. 

The development of functional nervous disturb- 
ances in thiamine deficient cats. Guy M. Ever- 
ett (introduced by Dietrich C, Smith). Dept, 
of Physiology, School of Medicine, Univ. of Mary- 
land, Baltimore. Observations were made on 
cats receiving a diet of autoclaved canned rabbit 
meat and yeast, supplemented by oral and intra- 
peritoneal administration of riboflavin, pyridox- 
ine, calcium pantothenate and alpha-tocopherol. 
Development of thiamine deficiency was essen- 
tially the same in the thirty animals studied. 

After a week, anorexia is apparent and becomes 
progressively more severe with a concomitant loss 
in body weight. Except for slight weakness, 
behavior remains normal for the first three W'eekS. 
In the fourth or fifth week the cat suddenly devel- 
ops head ventroflexion, circling movements, 
walking on a broad base, ataxia, marked extensor 
rigidity in the limbs and loss of body righting in 
air. During this stage any stimulus may precipi- 
tate a convulsive seizure lasting less than a minute. 
It begins with a violent sudden extension of the 
limbs and maximal head ventroflexion ; clonus and 
writhing follow. The pupil is always dilated 
maximally and in some instances spontaneous 
nystagmus appears. 

In less than an hour after intramuscular injec- 
tion of thiamine, convulsions can no longer be 
elicited, walking improves and appetite returns. 
Within a day recovery is essentially complete. 

The rapid onset of the syndrome observed and 
the dramatic recovery upon thiamine administra- 
tion suggest a reversible biochemical change 
capable of producing profound and widespread 
functional nervous disturbances. 

The constancy of body potassium on a high K 
diet. W . 0. Fenn, L. J. Muleixs (by invitation) , 
Terrise K. Adler (by invitation), and Lorraine 
Haege (by invitation). Dept, of Physiology, 
School of Medicine and DcnlUlry, Univ. of Roches- 
ter, Rochester, N. Y. An effort was made to 
determine to what extent the total potassium 
content of mice could be increased by feeding them 
on a very high potassium diet in which the potas- 
sium intake each day exceeded the total potassium 
content of the mouse. 

Six mice with an average initial K content of 
45.5 mgm. per mouse (4 control mice) were fed 
a high K diet for a period of 5-7 days. They 
consumed an average of 53 mgm. K daily and 
increased their final K content from 63.7 to 72.3 
mil. K/kgm. The increase in final K content for 
three other mice with an initial content of 47.3 
mgm. per mouse (3 control mice) and a daily in- 
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take of 54 mgm. K for 8 daj's was from 59.1 to 
61.9 mM. K/kgm. Two mice with an initial 
(calculated) content of 46.2 mgm. increased their 
content from 59.1 to 65.6 mhl./kgm. on a daily 
consumption of 77 mg. for 14 days. Two mice 
receiving daily intraperitoneal injections of 0.03 
ml. cortin for 14 days consumed 81 mgm. K daily. 
Their initial (calculated) content was 49.6 mgm. 
and their final K content showed an increase from 
59.1 to 66.9 mM. K per kgm. 

Thus on the average 12 mice each weighing 19 
grams ingested each day for 9 days 1.3 times as 
much K as they contained and thereby increased 
their weight 8 per cent and their K content per 
unit of weight only 7 per cent. A considerable 
part of this 7 per cent may have been in the g.i. 
tract so that the actual body K was scarcely 
changed. 

Vagus thresholds and potassium tolerance in 
the turtle’s heart. Dorothy Fetter (by invita- 
tion), Helen C. Coombs and F. H. Pike. Dept, 
of Industrial Hygiene, Delamar Inst, of Public 
Health, Columbia Univ. Observations, pub- 
lished previously, on the seasonal variations in 
the response of the turtle’s heart in situ to excita- 
tion of the vagus, and on the response of the per- 
fused excised heart to changes of concentration 
of potassium in the perfusion fluid, raise the ques- 
tion whether the response in the perfused heart 
bears any relation to the threshold of vagus excita- 
tion in that particular heart. 

In two winter animals (February), in which the 
threshold of vagus excitation was first deter- 
|mined in situ, with subsequent perfusion of the 
'excised heart, the low threshold of excitation of 
the vagus was correlated with low tolerance for 
excess of potassium in the perfusion fluid (Ringer), 
and a relative insensitivity to total lack of potas- 
sium. The heart stopped in from three to five 
minutes under excess of potassium, but continued 
to beat for twenty to thirty minutes when no 
potassium was present. It is in winter only that 
excess of potassium, combined with a cardiac 
glucoside, will stop the perfused heart in systole. 

In three turtles, done in late June and July, 
with higher thresholds for vagus excitation, longer 
perfusion or greater concentration of potassium 
was required to stop the heart, while total with- 
drawal of potassium was soon followed by cessation 
of the heart beat. 

Other experiments in spring, summer, autumn 
and winter have shown a similar sensitivity to 
excess of potassium with low threshold of vagus 
excitation, and greater tolerance to excess potas- 
sium when the vagus threshold was higher. 

The effects of cardio-glycosides upon metabo- 
lism. Er.n'st Fischer. Dept, of Physiology, 
Medical College of Virginia, Richmond. The 
effect of various digitalis glycosides, strophanthin. 


and ouabain upon tissue metabolism was studied 
by a statistical investigation of the in vitro oxygen 
consumption of tissue slices from normal rats, 
from rats therapeuticallj^ and slowly digitalized, 
and from rats slowly digitalized to a toxic satura- 
tion (severe anorexia). The results were funda-' 
mentally the same for all drugs employed. Since 
the largest number of e.xperiments were performed 
noth gitalin, figures are given only for that drug. 
Only toxic digitalization increases the vitro 
oxygen consumption of the heart (16.5 ± 3.2 per 
cent). Heart, brain, and liver from therapeuti- 
cally digitalized rats have normal metabolic rates. 
Kidney metabolism is somewhat decreased (9.8 ± 
4.5 per cent), while skeletal muscle metabolism 
is appreciably diminished (19.8 ± 1.4 per cent). 
Since the resting metabolism of the muscles repre- 
sents a relatively large fraction of the total basal 
metabolism, it was to be expected that the latter 
would show a slight decrease after digitalization. 
Dogs were used for this type of experiments, but 
not all of them could be trained to keep quiet 
when breathing through a mask attached to a 
metabolism tester. However, those dogs which 
showed constant values from day to day before 
digitalization, had then a distinct diminution 
(12.7 ± 4.8 per cent) of basal metabolism wliich 
slowlj'' returned to the original level after interrup- 
tion of digitalization. 

The effects of cardio-glycosides upon the 
arterio-venous O- and CO- differences and upon 
the CO 2 capacity of the blood. Ernst Fischer 
and M. K.^tharine Cary (by invitation). Dept- 
of Physiology, Medical College of Virginia, Rich- 
mond. In dogs, the arterio-venous O 2 and CO 2 
differences and the arterial CO 2 capacity were 
determined repeatedly before and after slow 
therapeutic digitalization (various digitalis glyco- 
sides, strophanthin, ouabain). The blood was 
drawn practically simultaneously from the femoral 
artery^ and vein, and from a subcutaneous vein. 
The arterial CO 2 capacity is slowly but constantly 
decreased by' digitalization. Regularly' in all 
dogs, but to a vary'ing degree, the femoral O 2 
and CO 2 arterio-venous differences are lowered 
by digitalization. However, the cutaneous 0: 
and CO; differences are never lowered, but show 
often a tendency' to increase. If such an increase 
in the cutaneous differences was distinct, the 
femoral differences were less diminished. These 
results might indicate that despite the decrease 
in femoral differences, the blood flow in the femoral 
artery' is not increased but even diminished. Such 
a decrease in arterial blood flow would correspond 
to the diminished minute volume reported by 
others. This diminished minute , volume is, 
however, not caused by any hypothetiai! dam.^ge 
to the healthy heart muscle by' digitalis doses 
which are beneficial to a damaged heart, but by 
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the decreased circulatory need due to the dimin- 
ished resting oxj'gen consumption of the muscles. 

Yeast, thiamin and biotin on atrophy and 
regeneration of denervated skeletal muscle. 
Ernst Fischer. Dcpl. of Physiology, Medical 
College of Virginia, Richmond. Yeast, thiamin 
or bioton given in excess to the Purina fox chon- 
diet of rats older than 10 months has no effect 
upon the rate of atrophy of the denervated gastroc- 
nemius, but the treated rats regained more quicklj- 
the weight loss caused by the operation. In 
younger rats, besides a much quicker operative 
recovery, the vitamins increase just perceptibly 
the weight gain for the next 3 to 6 weeks, but finally 
the controls reach the same weights as the treated 
rats. Two weeks after nerve section in j'oung rats, 
atrophy is a little more pronounced in the treated 
rats than in the controls. This insignificant in- 
crease in atrophy can be explained bj- the quicker 
weight gain of the treated rats since denervated 
muscles participate less in growth than normal 
ones. Biotin, which increases considerably the 
growth of nerve fibers in tissue culture (H. L. 
Hamilton and H. Plots. Proc. Soc. exper. Biol, 
and Med. 50: 133, 1942.), has even in young rats 
(16 units daily) little effect upon the outgrowth of 
central fibers after crushing of the sciatic nerve. 
Re-establishment of function judged as visible, 
fair, or good, occur in the average after 12.7, 15.1 
and 22.3 days instead of after 13.8, 15.8 and 24.5 
days. After 40 days, the maximal muscle forces 
(direct stimulation) were determined. The aver- 
age recovery is slightly higher for the biotin rats, 
but so small as to be of no practical importance. 
Similar unimportant speeding of regeneration was 
observed in biotin treated dogs. Neither yeast 
nor thiamin increase the rate of nerve regeneration. 

The influence of age and nutritional state upon 
the atropine treatment of the atrophy of dener- 
vated muscle. Ernst Fischer and Harry H. 
Stoecklb (by invitation). Dept, of Physiology, 
Medical College of Virginia, Richmond. In 
earlier experiments it has been demonstrated that 
atropine produces cachectic inanition of adult rats, 
in consequence of which the weight difference be- 
tween denervated and so-called normal muscle is 
diminished, since the latter weighs considerably 
less than a true normal muscle (E. Fischer. Proc. 
Soc. exper. Biol, and Med. 51:208, 1942). Repent- 
ing these experiments on rats of various ages, it 
was found that with decreasing age the inanition 
becomes less and changes finally into a strongly 
diminished growth rate. But also in the youngest 
rats, the apparent atrophy-retarding effect of 
atropine is due only to the fact that the so-called 
normal muscles weigh considerably less than the 
normal muscles of the controls. The atroplued 
muscles of the treated rats weigh on the average 
less than the atrophied muscles of the controls. 


The weight loss or the growth decrease of the 
treated rats can be diminished distinctly by feed- 
ing yeast or thiamin in large doses. The apparent 
atrophy retarding effect of atropine is more or less 
proportional to the final weight difference between 
treated and control rats. If by limitation of the 
food intake of the control rats, their weight curves 
were made similar to those of the treated ones, 
the atropine effect upon the atrophy practically 
vanishes. In the light of these e.xperiments, the 
reported atropine retardation of atrophy in the 
monkey (S. Soskin and R. Lerdne. Am. J. Physiol. 
138: 251, 1943) might not be a true retardation since 
the controls gained 10.5 per cent in weight during 
the observation period, and the treated animals 
only 2.5 per cent. 

The rectal temperature of a group of mongrel 
dogs. M. H. F. Friedman and I. F. Bennett 
(by invitation). Dept, of Physiology, Jefferson 
Medical College, Philadelphia, Pa. The rectal 
temperatures of a series of 107 mongrel adult dogs 
were taken by means of clinical rectal thermom- 
eters. These normal temperatures served as a 
basis for the evaluation of the pyrogenic effects of 
various tissue extracts. The thermometer bulb 
was inserted for a distance of 6 centimeters and 
readings taken after an interval of 3 to 5 minutes. 
During this time the dogs were quiet and did not 
pant or show signs of excitement. All animals 
were in apparent good health and free from dis- 
temper and mange. They were confined to their 
own quarters for at least one week before testing. 

Twenty-two of the dogs were kept in air-condi- 
tioned quarters (environmental temperature about 
74°F) and fed Purina dog chow daily and fresh 
meat several times per week. The rectal tempera- 
tures ranged from 100.2“ to 103.8°, average 102.0°F. 
No significant differences between the se.xes or 
between short and long-haired types were noted. 

Eighty -five of the dogs were kept in a building 
which was not air-conditioned. These were fed 
Purina dog chow only. The rectal temperatures 
ranged from 99.9° to 104.8°, average 102.0°F. Not 
included in this series is one apparently healthy 
female with a rectal temperature of 96.4 °F (veri- 
fied by several readings during August). No sig- 
nificant differences between the sexes or hair 
lengths were noted. 

Numerous temperature readings taken on each 
of si.x female dogs throughout the academic year 
showed various degrees of individual variations. 
The widest range was 99.9° to 102.S°F, the nar- 
rowest 100.2° to 100.7 °F. 

Phosphate exchange in resting cardiac muscle 
in vitro as indicated by radioactivity studies: III. 
Robert F. Furciigcwt (by inx-itation) and 
Ephr.vi.m Shorr (with the technical assistance of 
Gladys Brewer). .Ycic York Hospital and the 
Dept, of .Medicine, Cornell Unir. Medical College, 
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New York City. A previous report from this 
laboratory showed the following relative specific 
radioactivities for phosphate fractions of dog car- 
diac slices after 30 minutes incubation at 37.5° in 
oxygenated M/75 phosphate -Ringer containing 
P^^ 04 : phosphate of medium, 100; extracellular 
inorganic phosphate (IPi), 100; intracellular inor- 
ganic phosphate (IPs), 20; creatin phosphate (CP), 
equal to IPo; pyrophosphate, 70 per cent of IP 2 ; 
difficultly hydrolyzable phosphate, 20 per cent of 
IP 2 . 

The pyrophosphate fraction has been found to 
consist of adenosine triphosphate (ATP) and 
diphosphate. The specific radioactivity of the 
terminal phosphate of ATP in the pyrophosphate 
fraction was then determined separately by a lob- 
ster muscle preparation capable of enzymatically 
liberating only this group from ATP, and found 
equal to that of IPs and CP after 30 minutes in- 
cubation with P“ 04 . 

These equalities in specific radioactivity might 
be explained as follows : 1, a slow exchange between 
IPi and IPs; 2, a rapid phosphorylation cycle 
(energized by coupled oxidations) from IPs through 
the terminal phosphate of ATP; 3, a rapid equilib- 
rium exchange between terminal phosphate of ATP 
and CP. This would provide a rapid metabolic 
mixing cycle, bringing the specific radioactivities 
of IPs, CP and terminal phosphate of ATP to the 
same values. 

Evidence against the formation of an organic 
phosphate intermediate in the passage of phosphate 
from IPi to IPs is provided by results of 30 minute 
incubations with P ®^04 at 2°C. or under anaerobio- 
sis, conditions which reduce phosphorylations. 
Under these conditions the specific radioactivity 
of IPs is much higher than that of any of the above 
organic phosphate fraction. [This study was 
aided by a Grant from the Carnegie Corporation. 
The radioactive phosphorus ivas kindly supplied by 
Dr. J. II. Lawrence of the Radiation Laboratory, 
University of California, Berkeley.] 

Inhibitory effects in auditory-nerve fibers. R. 
Gauambos. Dept, of Physiology, Harvard Med- 
ical School, Boston, Mass. As reported earlier, 
many single auditorj'-nerve fibers discharge con- 
tinuously at a slow rate (“spontaneous” activity)- 
Furthermore, every fiber is cliaracterized by' hav- 
ing a “response area” defined by those frequencies 
and intensities which increase the rate of discharge 
over the spontaneous, or initiate aetivity in those 
not displaying spontaneous activity. 

In some fibers discharging spontaneously, tones 
outside the response area reduce or abolish the 
activity. The .same phenomenon is observed in 
some fibers responding to adequate tones upon 
presentation of a second tone lying outside the 
resixmsc area. In both cases tones just alxive the 
high frequency limit of the response area arc usu- 


ally particularly effective, but this is not in- 
variably the case. 

Not all fibers of the auditoiy nerve behave in 
the manner just described. Those which do, how- 
ever, give clear evidence of a decrease of auditory- 
nerve activity upon presentation of acoustic stim- 
ulation. 

Presumably the nerve impulses in question origi- 
nate peripheral to the electrode, but the possibility 
that they represent centrifugal impulses in the 
auditory nerve is not yet ruled out. In any event 
these findings indicate the presence of at least 2 
types of auditory-nerve fibers, differentiated on 
the basis of whether or not their response to one 
tone is modified by the presence of a second tone. 
They also suggest that pitch discrimination may 
involve a factor of nervous interaction within or 
closely associated with the inner ear itself. 

Functional organization and inter-hemispheri- 
cal relations: medial aspect of frontal lobe in 
chimpanzee. Hugh W. Garol and Edward W. 
Davis (introduced by W. S. McCulloch). Illi- 
nois Neuropsychiatric Inst. By local strych- 
ninization and recording electrical activity the 
functional organization and inter-hemispherical 
connections of the medial aspect of the frontal 
lobes have been determined in the chimpanzee. 

The cortex anterior to area 4 contains ten areas. 
Rostrad on the gyrus marginalis lie areas 4s, 6, 8s, 
9, 32, 10, 12 and 11 ; on the gyrus cinguli, areas 24s 
and 32. 

The largest, 32, extends along the sulcus cinguli 
superior to 24s and antero-dorsally to the sagittal 
margin, bounded posteriorly by 9 and anteriorly 
by 10. 

Homolaterally, area 4s fires 32 and suppresses 
cortical electrical activity generally. Area 6 fires 
itself widely and all posterior portions of the sen- 
sory cortex. Area 8s fires 32 and suppresses cor- 
tical electrical activity generally. Area 9 fires 
only itself. Area 32 fires itself throughout and, 
posteriorly, 3‘1. Area 10 fires itself locally. Area 
12 fires itself and 32. Area 11 fires only itself. 
Area 24s fires 32 and suppresses cortical elec- 
trical activity generally. N.B. Area 32 is fired 
also from suppressor areas 2s and lOs — i.c., area 32 
is fired by all suppressor areas. 

With the exception of areas Ss, 4s and possibly 
24s, all these areas fire contralateral homoiotopic 
points. 

Of the areas considered, only Ss, 4s and the new 
suppressor area, 24s, fire the nucleus caudatus. 

The vasopressor and mydriatic action of some 
phenylethyl amines. G. W. Geiter (by invita- 
tion) and A. M. Lands. Frederick Stearns and 
Company, and Wayne Medical College, Detroit. 

In this investigation the hydrochlorides of the 
following were used ; ethyl-beta-phcnylcthy'l amine 
(I), allyl-bcta-phcnylcthyl amine (II), diethyl" 
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beta-phenyletliyl amine (III), dibutyl-beta-phen- 
yletbyl amine (IV), methyldi-beta-phenylethyl 
amine (V), ethyldi-beta-phenylethyl amine (I^'I), 
propyldi-beta-phenylethyl amine (VII) and tri- 
beta -phenylethyl amine (VIII). Compound I, 
0.05 mgm./kgm., injected intravenously into dogs 
anesthetized vith nembutal, produced a rise in 
carotid pressure. Doses of 0.5 mgm./kgm. in- 
duced rises of 30-80 mm. Hg lasting 10-20 minutes. 
Doses of 0.5-2 mgm./kgm. produce an initial but 
transient fall followed by the sustained rise in 
pressure. These responses are not potentiated by- 
cocaine. Compounds II, VII and VIII were with- 
out effect on blood pressure. III and VI caused a 
transient fall and V usually caused a fall although 
in a few instances the fall -was followed by a slight 
rise. Compound IV caused a transient fall, fol- 
lowed again by a slow reduction in blood pressure. 
Doses as large as 0.5 mgm./kgm. sometimes caused 
death. 

In the unanesthetized dog, the subcutaneous in- 
jection of 0.5-1 mgm./kgm. of compound I gave a 
rise in systolic blood pressure of 15-25 mm. Hg 
within 20-40 minutes and lasting 60-80 minutes. 
A bradycardia of 15 to 30 beats /minute was ob- 
served at the peak of the pressure. The heart rate 
returned to normal somewhat more slowly than did 
the blood pressure, k 2 per cent solution of com- 
pound I instilled into the human conjunctival sac 
caused a maximum degree of mydriasis within 2 
hours -ndth some pupillary dilatation for over 4 
hours. Intravenous injection of 20-30 mgm./ 
kgm. into unanesthetized albino rabbits caused 
moderate mydriasis, lasting about 30 minutes. 

Compound I has a low toxicity. Subcutaneous 
doses of 300-800 mgm./kgm. caused only' an occa- 
sional death. Intravenous injections of 75 mgm./ 
kgm. as a 2 per cent solution into albino rabbits 
were tolerated. 

Further studies on the influence of insulin coma 
on conditioned reactions in rats. E. GEunHonN 
and H. Minatov.^. (by invitation). Dcpl. of 
Physiology, Univ. of Illinois College of Medicine, 
Chicago. Conditioned reactions (jumping from 
compartment A to compartment B in response to a 
bell preceding by two seconds the. unconditioned 
stimulus) which had been inhibited by lack of 
rcenforcemcnt can be jestored by insulin hypo- 
glycemia. Insulin hypoglycemia is most effective 
when it causes coma (absence of righting reflexes) 
whereas lesser effects result from insulin convul- 
sions or prccomatose states. Properly timed 
comas may cause permanent recovery of previously 
inhibited conditioned reactions. The effects arc 
specific inasmuch as other than the conditioned 
stimuli fail to cause any reactions. Rats only 
partially conditioned and then subjected to insulin 
coma show a much higher degree of eondifioning 
than similarly treated control animals injected 


with sodium chloride. The experiments show that 
insulin coma exerts chronic effects which consist 
not only of the removal of intracentral inhibitions 
in the Pavlovian sense but also facilitate those ex- 
citatory processes which are the basis of condition- 
ing. [Aided by the John and R. Marklc Founda- 
tion.] 

The effect of insulin coma on differentiated 
conditioned reactions of the rat. E. Gellhorn 
and K. Seesb (by invitation). Dept, of Physi- 
ology, Univ. of Illinois College of Medicine, Chi- 
cago. The observations of Rosen and Gantt 
(Trans. Am. Neurol. Soc. 1942, p. 41) that repeated 
metrazol convulsions resulted in a dedifferentia- 
tion and final loss of conditioned reflexes in dogs 
prompted a similar investigation concerning the 
effect of insulin comas on negative (inhibitory) and 
positive (excitatory) conditioned reactions (c.r.) 
in rats. Two to three conditioned reactions -were 
established in which a bell, a sound of 250 vibra- 
tions/second and a light were used as conditioned 
stimuli (c.s.). One or two conditioned stimuli 
were made inhibitory by lack of reenforcement 
whereas a third c.s. was reenforced until it caused 
a c.r. in about 100 per cent. In such animals 
insulin coma regularly restored the inhibited reac- 
tions without altering the response to the positive 
c.s. The effect on the inhibited reactions was 
reversible after several days. In no instance was a 
decrease on the response to positive c.s. found after 
insulin coma. When the response to one condi- 
tioned stimulus was 35 to 50 per cent and. to another 
0 per cent, insulin coma raised the c.r. in both 
cases but more so in the former. It is concluded 
that insulin coma does not diminish the response 
to positive c.s. under conditions which lead to a 
reversible restoration of inhibited c.r. 

Eserine, acetylcholine and atropine in nervous 
integration. Robert Geseu. and Enwoon T. 
Hansb.v (by invitation). Dept, of Physiology, 
Univ. of Michigan. Among the outstanding ob- 
servations on eserine were 1, a reinforcement of 
thoracic expiratory contractions; 2, a temporary 
irregularity of strength of torsal inspiratory con- 
tractions associated with subnormal pulmonary 
ventilation; 3, an initiation and strengthening of 
the facial accessory respiratory muscles. 

These effects occur with vertebral injections 
after chemoceptor denervation and are therefore 
central. 

Irregularity of breathing consisted of sliallow 
breaths tending to weaken and of sporadically 
deep breaths tending to strengthen as eserine poi- 
soning increased. 

Large injections intensified all effects of eserine 
including the curtailment of the more shallow 
breaths. Complete curtailment left the powerful 
inspirations separated by apneas of rariable dura- 
tions. 
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Corresponding apneas were absent in the facial 
rhythm. Respiratory block is indicated. 

Increasing intensity of costal expiratory, of tor- 
sal inspiratory and of facial accessory inspiratory 
contractions are thought to indicate a progressive 
pooling of acetylcholine at all nerve stations 
where bombardment and release of acetylcholine 
occurs. 

Failure of the smaller inspirations to attain maxi- 
mum intensity is attributed to a disproportionate 
potentiation of expiratory neurones structurally 
coupled with their opposing inspiratory neurones. 
Only those inspirations breaking free of the domi- 
nating reciprocal inhibition are thought to gauge 
the potential activity of the inspiratory cells. 

The effects of eserine were duplicated with 
slowly injected e.\trinsic acetylcholine. 

Atropine produced profound central effects; 1. 
reversal of the response to eserine and extrinsic 
acetylcholine and 2, diminution of breathing 
motivated by intrinsic acetylcholine (eupnea and 
reflexogenic hyperpnea). Antagonism was greater 
to extrinsic than to intrinsic acetylcholine. 

It is thought that the support which our experi- 
ments give to the humoro-electrical theory of nerve 
cell function may prove basic to neurophysiological 
concepts. 

A possibility of an axone reflex originating at 
the motor end piate of striated muscie. Robert 
Gesell and John Finerty (by invitation). Dept. 
of Physiology, Univ. of Michigan. The sartorius 
muscle of the frog immersed in a weak solution of 
acetylcholine responds with a serrated contraction 
in which small and frequent shortenings of a rela- 
tivelj' uniform rhythm are superimposed upon a 
greater sustained shortening. It is hardly con- 
ceivable that a single muscle fiber would have 
sufficient strength to produce the rhythmic con- 
tractions. Fifty or more fibers beating synchron- 
ously through the intermediation of an axone reflex 
offered by a single neuraxone might however have 
sufficient power. Such a reflex could be initiated 
at any motor end plate infiltrated with sufficient 
acetj'lcholine to establish electrotonic currents of 
threshold value. Three circuits are possible, two 
through the muscle, one on each side of the motor 
end plate, and one through the nerve fiber ending 
in the motor end plate. If an impulse is initiated 
in the nerve fiber it would spread via a.xone reflex 
to all muscle fibers on the circuit. This concept 
is supported by the recording of antidromic im- 
pulses in an acetylcholine stimulated muscle 
(Masland and Wigton, J. Neurophysiology 3: 269, 
1910). Action potentials of contracting muscle 
could be another source of initiation of an axone 
reflex. 

Analgesic effect of dextro-amphetamine alone 
and in combination with morphine sulphate. F. 
R. Goetzl (by invitation), D. J. Burrill (by 


invitation) and A. C. Ivy. Dept, of Physiology, 
Northwestern Univ. Medical School, Chicago. 
Pain responses were obtained by applying unin- 
terrupted alternating current of variable voltage 
to the cuspid teeth of 10 dogs through silver amal- 
gam fillings. Upon administration of analgesic 
drugs the voltage required to produce a response 
was increased over a period of 90 minutes. Dextro- 
amphetamine (1 mgm. per kilo) was a more effec- 
tive analgesic than morphine sulphate in the same 
dose. Dextro-amphetamine (1 mgm. per kilo) and 
morphine (0.5 mgm. per kilo) in combination were 
still more effective, and the amphetamine largely 
prevented the drowsiness due to the morphine. 
The drugs and combinations used, the dosage, and 
the analgesic effect in terms of percentage of the 
original voltage required for response are, in order 
of increasing analgesic effect, as follows : 

ilean all voltages 
(Initial voltage 


Drug and dose = 100%) 

None — control 99.76 

0.5 mgm. morphine sulphate, per kilo 109.82 

1.0 mgm. morphine sulphate, per kilo 121.58 

1.0 mgm. d-amphetamine, per kilo 135.63 

0.5 mgm. morphine plus 0.5 mgm. d-amphet- 
amine, per kilo 140.00 

0.5 mgm. morphine plus 1.0 mgm. d-amphet- 
amine, per kilo 156.68 


Effect of low pressures on thyrotropic and gonad- 
otropic hormone production in the rat. Albert 
S. Gordon, Frank J. Tornetta (by invitation), 
Savino a. D’Angelo (by invitation) and Harry 
A. Charipper. Dept, of Biology, Washington 
Square College of Arts and Science, New York 
Univ., New York City. Adult male rats were 
exposed to low pressures of 250-280 mm. Hg (25- 
28,000 ft.) 6 hrs./day for 14-18 days. Pituitaries 
and blood sera collected from such animals were 
pooled and tested for thyrotropic content in the 
young, starved tadpole (method of D’Angelo, 
Gordon and Charipper. Endocrinology 31: 217, 
1942). Intraperitoneal injections of 0.05 cc. of 
the sera and pituitary suspensions were made into 
tadpoles on alternate days and the rate of metamor- 
phic advance noted. Low pressures were found 
either to increase the thyrotropic content of the 
pituitary or not to affect it at all. In no case was a 
decrease in potency noted. On the other hand, 
blood sera from low pressure-subjected rats con- 
tained significantly smaller quantities of thyro- 
tropic hormone tlian sera from normal rats. 

The gonadotropic content of pituitaries from rats 
exposed to the same low pressures (6 hrs./day for 
14 days) was determined by injecting finely cut 
glands suspended in dilute NaOH into immature 
rats (method of Reece and Weatherly. Proc. Soc. 
Exper. Biol, and Med. 49: 218, 1942). Such glands 
possessed a 40-60 per cent greater potency than 
those from normal rats. This assay method failed 
to detect gonadotropic hormone in the blood seni 
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of either normal or low pressure-exposed rats de- 
' spite the injections of large doses. Pituitary- 
glands from rats subjected to low pressures lS-20 
hrs./day for 10-12 days possessed a considerably 
lower gonadotropic potency tlian normal glands. 
Since these animals lost considerable weight, it is 
difficult to tell whether this result is due to the 
longer period of anoxia or to the chronic inanition. 

The determination of thiourea in serum. 
Arnolbus Goodsmit. Division of Biochemistry, 
The Laboratories, Philadelphia General Hospital, 
Philadelphia, Pa. The study of the total water 
content of the intact animal body has been hamp- 
ered by the absence of a suitable method for its 
determination. The use of thiourea, because of its 
structural similarity to urea, has been suggested. 
However, no practical procedure for its estimation 
in sufficiently small amounts has been available to 
study its distribution in the water of the body. 

The method developed allows the determina- 
tion of thiourea in 2 cc. of human serum. A 1:4 
protein-free filtrate is prepared by the addition of 
sodium tungstate and sulfuric acid. To the cen- 
trifugalized filtrate is added an equal volume of a 
dilute, buffered, Grote’s reagent. The latter is 
prepared by mixing one part of Grote’s reagent 
(J. Biol. Chem. 93 : 25, 1931) with four volumes of 
a sodium hydroxide-potassium chloride buffer, 
so as to obtain a pH of approximately 10.75 in the 
final solution. 

A red color develops in the course of one to 
two hours. The relationship of light absorption to 
concentration of thiourea follows Beer's law closely. 
Colorimetric readings, using a filter with a maxi- 
mum transmission at 560 millimicrons, were made 
on a variable layer photoelectric photometer. In 
a set of ten consecutive duplicate analyses in which 
the concentration ranged between l.G and 2.4 mgm. 
of thiourea per 100 cc. of serum recoveries varied 
between 9S.9 and 100.9 per cent, with an average 
of 99.8 ± 0.7 per cent. 

The effect of diet on the action of certain sul- 
fonamides.' Esther M. Greishei-mer, Roberta 
Hafkesbring and Grace E. Wertenberger (by 
invitation). Woman’s Medical College of PennsyU 
rania. Male rats, at weaning age, were placed on 
special diets. Three weeks later, one dose of 
sulfonamide was given by intraporitonoal injec- 
tion, and the animal killed after three hours. 
Blood sugar, liver glycogen and drug blood level 
were determined. 

Purina chow checkers was chosen as the control 
diet. The other diets studied to date are high fat 
and high protein, in which butter and casein form 
aliout SS per cent of the total caloric value, respec- 
tively. Adequate salt mi.xturo and vitamin sup- 

1 Aided by grant 4T5, Council on Pharmacy and Chemistry, 
American Medical As.'^ocialion. The sulfonamidca used in this 
study were Rupplietl by Iwcdcrlc Laboratories, Inc. 


plemcnts are added. The- average daily gain in 
weight is approximately 3 grams on the control 
diet, 2 on high fat and 1| on high protein. 

The sulfonamides studied to date include the 
sodium salts of sulfapyridine, sulfadiazine and 
sulfathiazole. 

Sodium sulfapyridine causes a marked increase 
in blood sugar on all diets, the greatest effect being 
noted on the high fat diet. This drug also causes a 
pronounced decrease in liver glycogen, least 
marked on the high fat diet. Although the total 
drug is slightly higher on the fat diet, the amount 
of conjugation is less, and this may serve to protect 
the liver glycogen in some measure. 

Sodium sulfadiazine has little effect on blood 
sugar, but causes a moderate reduction in liver 
glycogen; little conjugation takes place. 

Sodium sulfathiazole has less effect on liver 
glycogen than the other two drugs, although more 
conjugation takes place. 

Gelatin as a blood substitute in shock due to 
limb trauma. F. S. Grodins (introduced by A. 
C. Ivy). Dept, of Physiology, Northwestern Univ. 
Medical School, Chicago. Shock was produced in 
etherized dogs by trauma to an extremity. A 
sustained drop in blood pressure to 70 mm. Hg or 
less was taken as an indication of shock. After 
the blood pressure had remained at the shock level 
for about 30 minutes, 0.9 per cent sodium chloride 
solution, normal dog plasma, or 5 per cent gelatin- 
saline (pH 7) was given intravenously in an amount 
equal to 50 per cent of the calculated blood volume 
of the animal. The blood pressure was then fol- 
lowed for some hours. 

In 10 animals treated with 0.9 per cent saline, 
the blood pressure rose fom an average shock level 
of 44 mm. Hg to 94 mm,, but the effect was sus- 
tained only for 45 minutes. In 10 animals treated 
with plasma, the pressure rose from 54 mm. Hg to 
135 mm. and the rise was maintained for about 2\ 
hours. In 10 animals treated -ndth 5 per cent gela- 
tin-saline, the blood pressure rose from 54 mm. Hg 
to 135 mm. and the rise was maintained for about 
2i hours. These results show that a 5 per cent 
gelatin-saline solution is much more effective than 
0.9 per cent sodium chloride and is about equal to 
normal blood plasma in its ability to produce a 
sustained rise in blood pressure in animals suffer- 
ing from shock due to limb trauma. 

The gelatin solution used in this study was found 
to produce darkening of the blood, agglutination of 
the red blood cells, and a rapid sedimentation rate 
in vitro and in vivo. The significance of those find- 
ings in relation to the use of gelatin as a blood sub- 
stitute is discussed in a separate communication. 

The preparation of a subcutaneously effective 
enferogastrone concentrate. Harry Greex- 
GARD, M. I. Grossma.v (by invitation), A. P. 
H.axds (by invitation) and A. C. Ivv. Dept, of 



18 FEDERATION PROCEEDINGS 


Physiology, Northivestern Univ. Medical School, 
Chicago. Previously reported enterogastrone con- 
centrates have been found uniformly potent only 
when administered by the intravenous route, 
except in very large doses. Purification of this 
material has been effected by precipitation with 
picric acid and treatment of the resulting insoluble 
picrate with acidified 70 per cent acetone.. This 
procedure leaves as an insoluble inactive residue 
about 50 per cent of the material. The filtrate is 
precipitated with acetone, collected by centrifuga- 
tion, washed, dissolved with water, and treated 
with an excess of aniline. The material left in 
solution after the aniline treatment is precipitated 
wdth acetone, the precipitate centrifuged out, 
washed, and dried. The product obtained from 
this procedure is a colorless powder, easily soluble 
in water, and injectable subcutaneously in 10 per 
cent solution without causing any evidence of pain. 
It is uniformly potent in depressing gastric secre- 
tion in a dosage of 20 mgm. by the intravenous 
route, or in a dosage of 50 mgm. subcutaneously. 
[Aided by a grant Jrovi the Josiah Macy Jr. Founda- 
tion. ] 

Dietary composition and pancreatic enzymes; 
the effect of predigested dietary constituents. 
M. I. Grossman (by invitation), Harry Green- 
GARD and A. C. Ivv. Dept, of Physiology, North- 
' western Univ. Medical School, Chicago. We have 
hown that a marked increase in the protein or the 
tarch content of an adequate diet administered to 
mts over a 21-day period will markedly affect the 
composition of the animal’s pancreatic enzymes. 
The effect is to increase the production of the 
enzyme acting on the predominant component of 
the diet, the mechanism of which may be a “de- 
mand” factor occasioned by the presence of un- 
digested food in the intestine, or a humoral agency 
operating through a temporary high concentration 
of digested products in the circulation during the 
absorption period. In the former case, substitu- 
tion of a predigested constituent in the diet should 
inhibit production of the appropriate pancreatic 
enzj’me; in the latter, it should enhance it, since 
digestive products are being absorbed rapidly in a 
short period of time. When these hypotheses were 
tested by substitution of an equal amount of a 
complete amino acid mixture for casein, and of an 
equal amount of glucose for starch, it was found 
that there was an increased trypsin content of the 
pancreas in the former instance, and an increased 
amylase content in the latter. It is concluded 
that the mechanism of adaptation of the pancreatic 
enzymes to dietary constituents is a humoral one, 
and takes place as a result of the relative concen- 
trations of products of digestion during the absorp- 
tive phase. 

The effect of vitamin B complex deficiency on 
the water content of the body and various organs 


of the albino rat. John Haldi, Glenville Gid- 
DiNGS (by invitation) and Winfrey Wynn (by 
invitation). Dept, of Physiology, Emory Univ., 
Ga. The skin and body of albino rats fed a vita- 
min B complex free ration for 28 days contained 
more W'ater per unit of tissue than the skin and 
body of their litter mate controls on the same 
ration to which a liberal amount of yeast was 
added. The animals w'ere allowed to eat ad libi- 
tum. The experimental animals lost approxi- 
mately 23 per cent of their original w'eight whereas 
the controls gained about 35 per cent. The per- 
centage water of the body was 5.5 per cent higher 
on the B free ration in the males and 5.9 per cent 
higher in the females. The larger percentage on 
the B free ration, however, was shown to be due to 
the lowered food intake resulting from the vitamin 
deficiency and not directly to the lack of the B 
complex. In a second series of experiments in 
which the caloric intake of the experimental and 
control animals was' equalized the percentage water 
content was the same on the two rations. The 
amount of water in the brain, liver, kidney and 
muscle was the same in the experimental and con- 
trol animals both when they were allowed to eat 
ad libitum and when the caloric intake was equal- 
ized. - 

Prevention of experimental gastrojejunal ulcer 
by enterogastrone. A. P. Hands (by invitation), 
Harry Greengard, G. B. Fahley (by invitation) 
and A. C. Ivy. Dept, of Physiology, Northwestern 
Univ. Medical School, Chicago. It has been pre- 
viously reported by us (Endocrinology 30 : 905, 
1942) that an enterogastrone concentrate effective 
in inhibiting gastric secretion will prevent the 
development of gastrojejunal ulcer in the Mnnn- 
Williamson dog in 80 per cent of cases when in- 
jected intravenously. Withdrawal of the therapy 
at the end of a year did not result in the develop- 
ment of an ulcer. Eight animals are at present 
alive and in excellent condition for a period of from 
9 to 17 months without therapy, or a total of 21 to 29 
months after operation. The means whereby en- 
terogastrone renders these animals resistant to 
ulcer formation is at present unexplained. 

A second series of animals has been studied, using 
as a therapeutic agent a more highly purified en- 
terogastrone concentrate effective by the intra- 
muscular or subcutaneous route. The nine dogs 
thus treated have been maintained in good con- 
dition for a period of 20 weeks after operation, or 
4 weeks longer than the average time in which an 
ulcer develops in the untreated Mann-Williamson 
dog. The enterogastrone concentrates have no 
anaphylaxis-producing property. [Aided by n 
grant from the Josiah Macy Jr. Foundation.] 

A possible anticholinesterase action of anuno* 
nium chloride. Elwood T. Hanse.v (by invit.i- 
tion), Robert Gesell and Chari-es R. Bn.^s- 
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FIELD. Dept, of Physiology, Univ. of Michigan. 
Ammonium cUoridc produces a respiratory re- 
sponse strikingly similar to that of eserino (see 
Gesell and Hansen in these Proceedings) but dif- 
fering in detail from the response to carbon dio.xide. 

If the similarity of effects of ammonium chloride 
and eserine are based on an increase of anticholines- 
terase activity it becomes essential to discover 
why two different types of acidosis produce charac- 
teristic effects on breatliing. It is conceivable 
that the characteristic effects may be linked with 
slightly differing relationships of internal to ex- 
ternal pH, to the NHj radical or to some other 
factor. 

• The renal excretion of chloride and water by 
the normal dog. Kexdhick Hare and Ruth S. 
Hare (by invitation). Dept, of Anatomy, State 
Univ. of Iowa, Iowa City. Chloride excretion has 
been followed in normal dogs before, during, and 
after intravenous infusion of saline solutions rang- 
ing in concentration from 0.3 per cent to 5.0 per 
cent. Simultaneous ereatinine clearances per- 
mitted calculation of chloride filtration and reab- 
sorption. Chloride and water reabsorption have 
been correlated and for convenience expressed as 
milligram per cent although it is probable that this 
value does not represent the actual concentration 
of chloride in the reabsorbed water (R'alker et al. 
Am. J. Physiol. 134: 580, 1941), but is the resultant 
of several reabsorptive processes. The ratio of 
concentration of chloride in the tubular reab- 
sorbate to that in plasma has been designated the 
chloride R/P. This ratio, normally one, increases 
when hypotonic saline is given intravenously or 
when water is given by mouth ; the administration 
of iso- or moderately hypertonic saline (1.5 per 
cent) has no effect; but the injection of 2.0 to 5.0 
per cent NaCl causes the ratio to decrease from 
unity to 0.95-0.91 (Rehberg Biochem. J. 20 : 561, 
1926). When saline infusions of different con- 
centrations were given at the same rate to the same 
dog in successive experiments, a family of curves 
was obtained by plotting the chloride R/P against 
time. The configuration of each curve is quite 
characteristic of the concentration of the saline 
infused. 

The pituitary control of the renal excretion of 
chloride and water. Ruth S. Hare (by invita- 
tion), Ke.vdrick Hare and Don'ald Phillips 
(by invitation). Dept, of Anatomy, Stale Univ. 
of Iowa, Iowa City. The chloride R/P of dogs 
with diabetes insipidus is greater tlxan one, and 
the infusion of a graded series of NaCl solutions 
(0.3-5.0 per cent) docs not cause any consistent 
variation. This difference in the rcsiwnse of the 
IKilyuric and of the normal dog suggests tliat the 
ncurohypophysis regulates the partition of wntcr 
and chloride between tubular reabsorbnte and 
urine. This suggestion has been supjwrted by the 


following experiments; 1, the addition of Pitressin 
to the infusion fluid (2.5 per cent NaCl) so that the 
rate of administration of the hormone uais 60-720 
milliunits per hour partially restored the response 
to normal. The rate of chloride excretion was not 
elevated bj' even the largest dose of Pitressin, but 
a reduction in water excretion, closely related to 
the dose of Pitressin was regularly obtained. 
Pitressin, therefore, lowers the chloride R/P by 
facilitating the tubular reabsorption of water, but 
has no demonstrable effect on the reabsorption of 
chloride. 2. The elevated chloride R/P that 
results from the infusion of hypotonic salt solution 
into normal dogs is returned to normal by the 
simultaneous infusion of 1.7-5.0 milliunits of 
Pitressin per hour. This, in light of an elevated 
chloride R/P in dogs with diabetes insipidus, is 
evidence of inhibition of the neurohypophysis by 
hypotonic salt infusions. The depressed chloride 
R/P of the normal dog when 2.0-5.0 per cent salt 
is infused is evidence of increased liberation of the 
antidiuretic hormone since destruction of the 
neuroh}’pophysis eliminates the response and re- 
placement therapy with Pitressin restores it. 

The relation between desoxycorticosterone ace- 
tate and diabetes insipidus in the rat. Aldem 
S. Harked (by invitation) and Warren 0. 
Nelson. Wayne Univ. College of Medicine, 
Detroit. Attention has been called to the produc- 
tion of a condition simulating diabetes insipidus 
by long term administration of DCA. An in- 
vestigation was undertaken in which the water 
balance was studied in groups of rats under the 
following conditions: normal (N), adrenalecto- 
mized (AD), diabetes insipidus (DI) (lesions 
placed in region of median eminence with Horsley- 
Clarke stereotaxic instrument), adrenalectomized- 
d.i. (ADI), hypophysectomized-d.i. (HD I), and 
hypophysectomized with lesions but no d.i. (H). 

Urine output without treatment was recorded 
(H;0). The animals were then given either 0.5 
per cent NaCl instead of drinking water (NaCl) 
or 3 mg. DCA per day (DCA) and following this 
period were given the two in combination (Both). 
The results for urine output are recorded in the 
accompanying table in cc. as averages for periods 
of at least five days. 



N 

AD 

DI 

ADI 

HDI 

H 

HsO 

... 10 

10 

43 

43 

30 

29 

NaCl . . , 

... 19 

19 

147 

93 

32 

33 

DCA 

... 17 


(231) 

73 





Both 

... SS 

C9 

320 

320 

45 

37 


DCA produces an increase in water exchange 
in all e.xcept hj-pophysectomized animals and is 
particularly effective in combination with NaCl. 
While this was most marked in normal animals, 
the basic output of d.i. animals is so large that 
physiologic limitations might impede a com- 
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parable increase. However, the percentage in- 
creases within these groups are so close as to indi- 
cate that there is little relationship between the 
DCA-NaCl increase and the primary presence or 
absence of diabetes insipidus. 

The figures for DCA in uncomplicated d.i. (in 
parentheses) may not be significant since they 
represent a single animal. The absence of effect 
in hypophysectomized animals is interesting, but 
as yet without satisfactory explanation. 

Electrocardiographic observations in mental 
patients receiving large doses of acetylcholine 
intravenously. Meyer M. Harris and Bernard 
L. Pacella (introduced by S. E. Barrera). Dept, 
of Internal Medicine and Psychiatry, New York 
State Psychiatric Inst, and Hospital. Electro- 
cardiographic observations were made in eight 
mental patients receiving a freshly prepared 10 
per cent solution of acetylcholine intravenously 
in doses ranging from 60 to 500 mgm. injected 
rapidly within a few seconds. Records were ob- 
tained immediately before, during, and immedi- 
ately following the injection of acetylcholine. A 
Cambridge Research Type of String Galvanometer 
was used for recording the effect of the injections. 
The dose of acetylcholine was increased gradually 
until cardiac arrest lasting 30 to 45 seconds with 
loss of consciousness and convulsions was pro- 
duced. (A means of convulsant shock therapy.) 
The dose required to produce this effect varied 
from 220 to 500 mgm. and bore no relation to the 
weight of the patient. 

The electrocardiograms showed the following 
changes. In some cases even small doses of acetyl- 
choline (60 mg.) produced a short period of brady- 
cardia during which time the P waves disappeared 
from the complexes. This was then followed by 
a period during which the P waves were inverted. 
In other cases only the very large doses of acetyd- 
cholinc which brought about cardiac arrest for 
approximately 30 seconds resulted in a disappear- 
ance of the P waves in only a few of the complexes 
following the resumption of the heart beat. The 
susceptibility of the auricles to acetylcholine 
showed marked variability in different patients. 
These findings were in contrast to the asystole of 
the auricles observed by some investigators using 
very small doses of acetylcholine in animals. 

Spontaneous resumption of the heart beat oc- 
curred in all the cases studied. 

A paradoxical effect of urogastrone and entero- 
gastrone. S. C. Harris (by invitation), J. H. 
Huston (by invitation), and A. C. Ivy. Dept, 
of Physiology, Norlhwcslern Univ. Medical School, 
Chicago. It is generally accepted that the prepa- 
rations known as urogastrone and entcrogastrone 
are inhibitors of gastric activity. 

Both preparations inhibit the gastric secretory 
response to histamine in the intact and total pouch 


stomach when given intravenously or subcutane- 
ously. Both preparations also inhibit the gastric 
motility initiated and maintained by the disten- 
tion of the recording balloon. 

We have found, however, that preparations of 
urogastrone and enterogastrone which do inhibit 
gastric motility in the intact stomach are devoid of 
activity in motor studies on the vagotomized stom- 
ach. These findings were controlled by effectively 
inhibiting motility in the vagotomized stomach 
by introducing fat into the intestine and by inject- 
ing pituitrin in minute quantities. [Aided in part 
by a grant from the Committee on Endoerinology of 
the National Research Council.] 

The hypertensinogen concentration of the 
plasma of patients with various diseases. Flor- 
ence W. Haynes and Lewis Dexter (by invita- 
tion). Medical Clinic of the Peter Bent Brigham 
Hospital, and the Dept, of Medicine, Harvard 
Medical School, Boston. Previous determinations 
of the concentration of plasma hypertensinogen, 
the globulin substrate of renin, in hypertension 
have been supplemented by its determination in 33 
patients with various diseases and in 8 normal sub- 
jects. Two to 4 cc. of non-hemolyzed human 
plasma were incubated for 25 minutes at 37 degrees 
C. at pH 7.3 with an excess of human renin (approx- 
imately 50 cat units). Assay was performed on 
anesthetized cats by comparing the blood pressure 
rise obtained with that of a standard hypertensin 
solution, as described by Braun-Menendez and 
co-workers. The normal concentration of hyper- 
tensinogen usually lies between 2 and 5 cat units 
(0.5 and 1.25 dog units) per cc. 

In 3 of 4 patients with signs of hepatic insuffi- 
cienc 3 ’^, the hypertensinogen concentration was 
about one half normal. Of 12 patients with renal 
insufficiency and azotemia, 8 with high scrum 
globulin values, and 10 with fever, the hyperten- 
sinogen concentration was normal except in 5 
cases. In 2 with azotemia and in one moribund 
patient with high fever, values were nearly twice 
normal, whereas in 2 of those mentioned with liver 
disease they were low. Hypertensinogen con- 
centration was normal in the following cases : One 
each of Addison’s disease, Hodgkin’s disease, ul- 
cerative c(jlitis, leukemia and obesitj^, 2 cases of 
cardiac failure, and 5 with normal blood pressure 
under ether anesthesia. The concentration of 
hj'portcnsinogen in plasma is therefore essentially 
normal in patients with hypertensive vascular 
disease (previously reported), renal insufficiency, 
anesthesia, and miscellaneous disorders, but often 
significantlj' decreased in hepatic insufficiency. 
[Aided in part by grants from the Marklc F onnda- 
tion and the Armour Laboratories.] 

The permeability of the toadfish liver to inulin, 
with and without choleretics. CfrARLorrE H.ai- 
WOOD. Dept, of Physiology, Mount Holyoke Col- 
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Icgc, South Hadley, Mass. For evaluating liver 
permeability, passage of the lipoid-insoluble inulin 
molecule (M.W. 5100) into the bile has been 
studied in the living toadfish (Opsanus tau), 
whose aglomerular kidney cannot eliminate it. 

A day or more after intramuscular injection of 
about 2 grams inulin per kgm. body weight, hepatic 
bile was collected from a cannula inserted into the 
emptied gall-bladder. During operative and col- 
lection periods immobilization and adequate 
respiration were maintained. Bile and protein- 
free serum were analyzed for inulin as levulose, 
by Shaffer and Somogyi’s micromethod, modified, 
following hydrolysis. Control experiments on 
normal bile and serum gave correction factors for 
experimental samples. 

In 24 experiments without choleretics, bile flows 
averaged 22.8 mgm. per hour. Inulin was always 
found in the bile after injection, though less con- 
centrated than in serum; bile /serum inulin ratios 
ranged from 0.23 to 0.S5, averaging 0.57. Eighteen 
experiments with choleretics (sodium dehydro- 
cholato and sodium taurocholate) gave, in com- 
parison, bile/serum inulin ratios which ranged 
from 0.03 to 0.35, averaging O.IS, In e.vperiments 
where a period with choleresis followed one with- 
out it, the bile inulin dropped usually to 30 or 40 
per cent of the earlier value. Increased rates of 
bile flow, however, tended to increase the hourly 
elimination of inulin. 

The experiments without choleresis indicate 
considerable permeabilitj', probably intercellular. 
Further study is needed to determine whether 
the choleretics act through an altered size relation- 
ship between molecule and intercellular pore, or 
simply through an increased passage of water. 
Somatic motor responses produced by electrical 
stimulation of the cerebral cortex of new-born 
and young kittens. Earl W. Henry (introduced 
by Clinton N. IVoolsey). Hepi, of Physiology, 
.Tohns Hophins Univ., School of Medicine, Balli- 
noTC. Sixty-cycle sine-wave stimulation was 
!mployed to determine the responses elicitable 
from the “motor” cortices of new-born and young 
kittens. The purpose in mind was to e.vamine in 
this way maturation of the “motor” cortex and to 
correlate results with obsorrations on development 
of placing and hopping reactions in kittens. Weed 
and Langworthj- (1926) had reported that electrical 
stimulation of the kitten brain produced forelimb 
movements at birth, hindlimb movements at 16 
days and facial-masticatory movements at 21 days. 

In the present experiments 2S kittens, ranging in 
ago from new-born to 11 days, were examined. It 
was found that localized responses of all parts of 
the body musclaturo (facial-masticatory, foreleg 
and hindleg) could bo obtained at birth as well as 
at later ages by stimulation of appropriate areas of 
the cerebral cortex. .\t birth and during the first 


days thereafter the hindleg area lay chiefly on the 
medial aspect of the hemisphere. This and the 
fact that Weed and Langworthy did not stimulate 
the facial-masticatorj' areas on the anteroventral 
aspect of the hemisphere probably explain their 
findings. Although responses can be obtained 
from all parts of the “motor” area at birth, the 
cortex fatigues quickly and responses cannot be 
elicited as many times as in older animals. Also- 
with advancing age greater individuation of re- 
sponse occurs, possibly merely because the e.xpand- 
ing cortical areas permit the same stimulus to 
affect a relatively smaller proportion of the face, 
arm or leg area. [This work was carried out in 

losr-ss.j 

Non-production of adiposity in the rat by septa), 
preoptic and rostral hypothalamic lesions. A. W. 
Hetherington (introduced by W. F. Windle). 
Inst, of Neurology, Northwestern Univ. Medical 
School, Chicago, III. It has been shown that 
fairly small bilateral lesions located in the region 
of the ventromedial hj'pothalamic nucleus, or at 
more caudal levels, produce adiposity in the rat 
(Hetherington and Ranson, 1942). The present 
work represents an effort to determine whether 
this is the region really responsible, or whether 
destruction here causes the syndrome by the' 
severance of fibers from more rostral regions of the- 
hj'pothalamus or the basal olfactory forebrain. 

Bilateral electrolytic lesions of various sizes: 
made with the Horsley-Clarke instrument have- 
been placed in the ventral septal region, the 
olfactory tubercle, the diagonal band of Broca, the 
medial and lateral preoptic areas, and the anterior 
hypothalamic area. In some animals only one of 
these regions was damaged; in others several in 
combination were destroyed ; and in six the lesions 
were so large the entire region between the an- 
terior commissure and the rostral edge of the me- 
dian eminence, between the base and the dorsal 
limits of the hypothalamus or the anterior com- 
missure, and between the lateral forebrain bundles 
on each side, was eliminated. In several of this 
third group the paraventricular nuclei also were 
destroyed. None of this series of animals became 
obese. 

It is, therefore, assumed that cell groups rostral 
to the ventromedial hypothalamic nucleus make 
little if any contribution to regulation of fat metab- 
olism. lYhatever the mechanism, it is destruction 
of the cells in or near tliat nucleus, or of their 
descending fibers in the brain stem, which causes 
the syndrome. 

Effect of age on cerebral arterio-venous oxygen 
difference. Harold E. Hi.mwich and Joseph F. 
Fazekas. Dept, of Physiology and Pharmacology, 
Albany Medical College, Union Univ., .Albany, 
N. F. Previous work h.is revealed an average of 
6.7 volumes per cent for normal adults from 20 
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j'ears of age to the late senium. In the present 
investigation the cerebral arterio-venous oxygen 
differences were determined on babies less than 2 
weeks of age and on undifferentiated mental de- 
fectives, i.e., individuals apparently normal except 
for low intelligence between the ages of 6 and 55 
years. The average for the cerebral arteriovenous 
oxygen difference in 12 observations of the new- 
born is 8.6 volumes per cent. For the undifferen- 
tiated mental defective the average cerebral ar- 
terio-venous oxygen difference is lowest from 6 to 
9 years of age (30 observations), 4.7 volumes per 
cent and then gradually rises to 5.1 volumes per 
cent from 10 to 14 years (33 observations) ; 5.9 
volumes per cent from 15 to 19 years (22 observa- 
tions) ; and 6.6 volumes per cent from 20 to 29 
years (21 observations). The average cerebral 
arterio-venous o-xygen difference remains un- 
changed, 6.6 volumes per cent, from 30 to 55 years 
(24 observations). It is suggested that human 
brain metabolism, despite the initial large cerebral 
arterio-venous oxj'gen difference, is lowest in early 
life and graduall}-^ rises to a maximum between the 
ages of 20 and 29 years. This maximum is followed 
by a decrease in the senium. 

The effect of sodium 5,5-diphenyl hydantoinate 
(Dilantin Sodium) upon the tolerance of white 
rats to low atmospheric pressures. Ebbe C. 
Hoff and Charlotte Yahn (by invitation). 
Lahy. of Physiology, Yale Univ. School of Medi- 
cine, New Haven, Conn, and Physiology Lahy., 
Sarah Lawrence College, Bronxvillc, N. F. The 
effect of sodium 5,5-diphenyl hydantoinate upon 
the capacity of white rats to withstand reduced 
pressures was investigated in 118 animals. In a 
first series, rats were decompressed at a uniform 
rate of 100 mm. Hg per minute to the point of apnea 
both in control “flights” and after subcutaneous 
injection of a dilantin suspension (1.0 to 4.5 
grains). Twenty-eight animals died during con- 
trol decompression (average “ceiling”, 42.1 mm. 
Hg). Twenty-five animals surviving both control 
and drug “flights” attained control “ceilings” 
from 55.3 to 16.9 mm. Hg (average, 35.0 mm. Hg), 
while after dilantin they withstood pressures from 
37.0 to 4.9 mm. Hg (average, 18.6 mm. Hg). In all 
cases, animals tolerated lower pressures with the 
drug than without and “ceilings” successfully 
reached by drugged animals were, generally, 
higher than those achieved by rats succumbing to 
control decompression. Dilantin has a relatively 
greater effect in mising the tolerance of animals 
with a lower control “ceiling” than those with a 
greater initial resistance to rarefied atmospheres. 

In a second scries, rats were decompressed at 
the standard rate to 70 mm. Hg and maintained at 
this pressure until breathing ceased. Eighteen 
control rats were all dead after an average exposure 
of 1 min. 30 sec., the longest time fora lethal effect 


being 1 min. 45 sec. Eighteen dilantinized ani- 
mals similarly decompressed survived from 3 min. 
8 see. to 10 min. 55 sec., in every instance longer 
than any in the control group. 

Relation between androgen output and urinary 
volume. Franklin Hollander, Bruno Kriss 
(by invitation), Emanuel Klempner (by invita- 
tion) and Robert T. Frank (by invitation). 
Laboratories of The Mount Sinai Hospital, New 
York City. Urinary volume and content of 
biologically active androgens were studied in 9 
humans with normal kidney function, by collect- 
ing a continuous series of 3-day specimens for ap- 
proximately one month. In 3 of the cases, exten- 
sive variations in fluid intake were employed to 
increase the range of urinary output values. An- 
drogen content was assayed by our chick-comb 
method, previously described; results were cal- 
culated in terms both of concentration (dmg. per 
liter) and total daily output (dmg. per day). 

In each subject, the androgen concentration 
values were constant within the limits of reliability 
of the assay procedure (standard deviation never 
greater than 16.5 per cent of the mean), and there- 
fore independent of the daily volume of urine. 
When expressed as daily output, however, the an- 
drogen data were always more variable than in 
concentration terms; for any one subject, the ratio 
of the standard deviations (in percent) was 4.5 at 
the greatest. Furthermore, the variations in 
daily output of androgens were not random, but 
were correlated with the urinary volume; the cor- 
relation coefficient was never less than 0.72, and 
for 5 subjects it was 0.95 to 0.99. This is contrary 
to Oesting and Webster (colorimetric determina- 
tion). Such constancy of urinary concentration 
is not in accord with the known behavior of other 
urinary constituents, and further investigation of 
this problem from various angles is essential before 
any eonclusions may be drawn regarding its impli- 
cations. [Supported in part by a grant from The 
Friedsam Foundation.] 

The pH of mucus from the gastric corpus. 
Franklin Hollander and Julius Stein (by in- 
vitation). Laboratories of The Mount Sinai Hos- 
pital, New York City. More than 400 non-acid 
specimens of mucus were collected from clogs 
greater curvature pouches in response to the 
following mechanical and chemical stimuli: gentle 
rubbing of empty pouch with a smooth catheter, 
distilled water, aqueous solutions of ethyl ether 
(saturated), clove oil (5 i)cr cent), mustard oil 
(1 per eent), cthjd alcohol (50 and ca. SO per cent), 
NaCl (0.17 N and 0.5 N). Viscosity of secretion 
varied extensively, even with any one stimulus. 
Duplicate pH determinations on the .same speci- 
men usually agreed to ±0.02 pH; our prcviou.s 
failure to obtain such agreement was found to result 
from the heterogeneity of the specimens, and w.as 


AMERICAN PHYSIOLOGICAL SOCIETY 


23 


overcome by homogenization. The pH values 
ranged between 9.07 and 6.00; occasional values 
below pH 6 were discarded. Their frequency 
distribution possesses 2 peaks, around 8.0 and 7.1 
respectively (although bimodality could not be 
proved), which suggests that we are probablj' 
dealing with a mixture of two fluids of different 
pH. The lower values result from a predominance 
of transudate or exudate in the specimens; this is 
supported by their microscopic appearance. The 
upper values result from the predominance of a 
secretory product (mucus and possibly mucoid 
secretion), since inflammatory exudates rarely 
attain a pH greater than 7.5. 

The data were grouped according to individual 
stimuli and averaged. The 9 means varied from 
7.89 (clove oil) to 7.03 (water) ; in many cases the 
difference between any two means was statistically 
significant, and in others it might become so with 
increase in frequency. The results indicate that 
some of these agents are good mucus stimuli 
whereas others merely induce transudation or 
exudation. Correlation of pH with buffer capac- 
ity, chloride concentration, and microscopic ap- 
pearance will be reported on elsewhere. [Sup- 
ported in part by grants from the United Hospital 
Fund and John Wyeth and Brother, Inc.] 

Effect of anoxia and hypoglycemia on survival 
period of adult rats. Edmund Homburger and 
Harold E. Himwich. Dept, of Physiology and 
Pharmacology, Albany Medical College, Union 
Univ., Albany, N. Y. In order to study the 
interrelationship between hypoglycemia and anoxia 
adult male rots were exposed to an atmosphere of 
4.5 per cent to 5 per cent oxygon. These adult 
animals survived on an average for 27 minutes. 
AVhen in addition to ano.xia the animals received 
insulin one hour before exposure the survival was 
shortened to 15 minutes while the injection of 
glucose before subjecting the insulinized animals 
to anoxia restored the duration of the survival to 
28 minutes. It was not possible to prolong the 
survival of adult rats beyond tliat period by raising 
the level of blood sugar above normal. When two 
groups of adult animals, one fasted and one fed, 
were subjected to anoxia it was found tliat the 
fasted animals suffered a fall in blood sugar and 
the fed, a hyperglycemia. Despite this difference, 
the survival period of both groups was the same. 
This is in agreement with the observations that the 
hj-perglyccmia does not prolong the survival of 
the adult in anoxia. 

A method for the production of shock in rats. 
DwiGirr J. Ingle. licscarch Laboratories, The 
Upjohn Company, Kalamazoo, Mich . The method 
of limb ligation which luis been widely used for 
the production of experimental shock has been 
standardized for the rat. 

Male rats of the Spniquc-Dawlcy strain (1S5- 


195 grams) are used. The rat is anesthetized by 
the intra-peritoneal injection of IS mgm. of cyclo- 
pal sodium. The posterior half of the body is 
shaved. A ligature of strong linen thread is placed 
about each hind leg and held in place by four short 
stitches through the skin at the following points: 
1, in front of penis; 2, umbilical scar; 3, dorsal 
side, over the vertebral notch formed by junction 
of the lumbar and thoracic vertebrae; and 4, just 
over the first caudal vertebrae. The ligatures are 
tightened alternately until they are as tight as 
possible. Second ligatures are then placed in the 
same positions but are not stitched through the 
skin. The ligatures are removed after two and 
one-half hours. By this time recovery from the 
anesthetic has begun. Food and water are with- 
held. The incidence of survival for 24 hours ia 
the criterion used to judge the therapy tested. 
Actual survival time is a more desirable criterion. 

In our experiments control groups of 20 untreated! 
rats each are used. In a series of 10 experiments, 
the incidence of survival among control animals; 
has been 25-50 per cent. 

The effect of insulin on some metabolic changes 
induced by 17-hydroxycorlicoslerone and 17- 
hydroxy-ll-dehydrocorticosterone in the rat. 
Dwight J. Ingle, Gordon B. Ginther (by invita- 
tion), John S. Evans (by invitation), Arne N. 
Wick (by invitation) and Marvin H. Kuizbnga 
(by invitation). Research Laboratories, The Up- 
john Company, Kalamazoo, Mich. The adminis- 
tration of 5 mgm. daily of either 17-hydro.xyoorti- 
costerone or 17-hydroxy-ll-dehydrocorticosterone 
to normal, force-fed rats causes the development 
of a diabetic state characterized by glycosuria, 
hyperglycemia, increased excretion of N.P.N., a 
marked loss of weight and changes in electrolyte 
balance. The amount of urinary glucose cannot 
be accounted for on the basis of increased protein 
catabolism. Such animals are abnormally re- 
sistant to insulin. In animals showing mild glyco- 
suria it n-as possible to control the diabetic state 
by the administration of large doses of protamine 
zinc insulin but these animals continued to e.xcrete 
greater than normal amounts of N.P.N. and they 
failed to gain weight. In some animals having a 
severe glycosuria it was not possible to completely 
control the excretion of glucose by means of in- 
sulin. When the administration of the adrenal 
steroids was stopped the glycosuria disappeared. 

The diabetogenic effect of diethyl -stilbestrol 
in ndrenalectomized-hypophysectomized-partially 
dcpancrcatized rats. Dwight J. Ingle and Gor- 
don B. Ginther (by invitation). Research 
Laboratories, The Upjohn Company, Kalamazoo, 
Mich. The diabetogenic effect of diethyl-stilbes- 
trol occurs in iiartially dcpancrcatized and normal 
rats (Endocrinology 29: S3S, 1941) and in partially 
dcjiancrcatizcd-adrcnalcctomizcd rats treated with 
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sub-diabetogenic amounts of adrenal cortical ex- 
tracts (Am. J. Pbysiol. in press). To test the 
hypothesis that the diabetogenic activity of 
diethyl-stilbestrol may be mediated through the 
anterior pituitary or the adrenal and pituitary 
glands together, adrenalectomized-hypophysec- 
1;omized-partially depancreatized male rats were 
aised as test animals. In experiment 1, the ani- 
mals were maintained on sub-diabetogenic amounts 
of adrenal cortical and anterior pituitary extracts. 
The administration of diethyl-stilbestrol caused 
glycosuria and hyperglycemia in each animal. In 
experiment 2, a nearly total pancreatectomy was 
performed so that all of the animals exhibited 
spontaneous glycosuria when treated with adrenal 
cortex and anterior pituitary extracts. In those 
cases where the glycosuria was mild it became 
severe on administration of diethyl-stilbestrol, 
however, when the spontaneous glycosuria was 
severe the administration of diethyl-stilbestrol 
failed to intensify it. Although it was clearly 
demonstrated that diethyl-stilbestrol has some 
diabetogenic effect which is not mediated by either 
the 'adrenal or pituitary glands, its action was less 
marked than in animals having these two glands 
intact. 

The quantitative assay of adrenal cortical 
hormones by the muscle-work test in the adrena- 
lectomized, nephrectomized rat. Dwight J. 
Ingle. Research Laboratories, The Upjohn Com- 
pany, Kalamazoo, Mich. Male rats (180 grams) 
of the Sprague-Dawley strain were used. The 
diet was Purina dog chow. A standard dose of 
luminal sodium and of cyclopal sodium is used for 
anesthesia. The adrenals and kidneys are re- 
moved in a single stage operation. Temperature 
is constant at 28 °C. The left gastrocnemius 
muscle is weighted with 100 grams and stimulated 
to contract three times per second until “fatigued” 
or for 24 hours. The distance the weight is lifted 
is recorded automatically. The test substance is 
administered in 0.5 cc. of sesame oil at the begin- 
ning of stimulation and again 6 hours later. A 
dose-response curve was set up for 17-hydroxy-ll- 
dehydrocorticosterone. Doses of 0.16 mgm., 0.20 
mgra., and 0.25 mgm. of this substance were tested 
in a large number of animals to provide data for 
statistical analysis and for a standard dose-re- 
sponse curve which would permit the interpolation 
of work performance into units of the standard. 
One unit is defined as the work equivalent of two 
0.2 mgm. doses of 17-hydroxj’-ll-dehydrocorticos- 
terone. The relative error for assay is less than 25 
per cent when an average value for work of 15 or 
more rats falls witliin the range of the standard 
dose-response curve. 

Response of rats to diethylstilbestrol following 
thyroidectomy. R. G. J.\nes (introduced by 
AV. 0. Nelson). Dept, of Anatomy, Wayne Univ. 


College of Medicine, Detroit, Mich. Twenty-one 
female rats were thyroidectomized, in some cases 
8 months and in others 10 days before the experi- 
ment began. Twelve of these animals, some from 
each group, were given daily subcutaneous injec- 
tions of 100 micrograms of diethylstilbestrol 
for 20 days. 

The averages for body weight, blood glucose 
levels, muscle glycogen and total N.P.N. were 
similar in control and injected rats. The liver 
glycogen values, however, were increased from 
122 mgm. per cent to 488 mgm. per cent in animals 
which received diethylstilbestrol. The latter 
value is higher than was previously reported for 
unoperated animals which received treatment 
with estrogens. 

The adrenals were reduced in size following 
thyroidectomy and diethylstilbestrol only slightly 
increased this size. Following fixation in osmic 
acid, lipoid was quite evenly dispersed throughout 
the cortex of controls, but was largely confined 
to the glomerulosa in the injected animals. The 
pituitaries were larger following thyroidectomy 
and microscopically showed an increase in number 
and vacuolization of the basophils. The weight 
of the pituitaries increased further after diethyl- 
stilbestrol treatment and the vacuolization of 
the basophils tended to disappear. In fact, the 
amount of liver glycogen, in general, could be 
correlated with the condition of the basophils. 
Those in wliich the vacuolization was largely 
corrected had the highest liver glycogen. 

Antirenin. C. A. Johnson (by invitation), 
E. L. Smith (by invitation), Bernard Gombero 
( by invitation) and G. E. Wakerlin. Depis. of 
Physiological Chemistry and Physiology, Univ. 
of Illinois College of Medicine, Chicago. We have 
used the term antirenin to designate the antibody 
(antihormone, antienzyme) formed when heter- 
ologous renal cortical e.xtracts containing renin 
are injected into various species of animals. Anti- 
renin is demonstrated in the serums (or plasmas) 
of the treated animals by its ability to neutralize 
the acute pressor effect of renin. 

Fourteen renal hypertensive, two spontaneously 
hypertensive and four normotensive dogs were 
given daily intramuscular injections of hog renin 
for 3 to 6 months. Three normotensive dogs were 
similarly injected with rabbit renin. Antirenin 
developed in all of these animals in 40 to 60 da>s 
with extremes of 14 and 164 and disappeared in 30 
to 160 days after the injections were stopped. ■ 
second course of hog renin in five of the anima s 
resulted in the reappearanee of antirenin in 10 to 
20 days. Antirenin failed to develop in five hypef' 
tensive and four normotensive dogs injected "it ■ 
heat-inactivated hog renin, in six hypertensi'O 
and four normotensive dogs injected "ith Cn 
renin, and two hypertensive and four normotensive 
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dogs injected with liver extract prepared after the 
manner of renin. 

Antirenin was produced in rabbits and guinea 
pigs by hog, dog and cat renins. Human renin 
but not rabbit renin produced antirenin in rabbits. 

Serums of dogs injected with hog renin neu- 
tralized the acute pressor effect of hog, dog, rabbit 
and cat renins but not human and rat renins. 
Antirenins produced by various renins in the 
rabbit likewise showed considerable crossing of 
neutralizing properties except human antirenin 
which appears specific for human renin. 

Calculation of enzyme-inhibitor equilibrium 
constants in relation to changes in optimum tem- 
peratures. Frank H. Johnson and Henry B. 
Eyring (by invitation). Dept, of Biology and 
Chemistry, Princeton Univ., Princeton, N. J. 
Inhibitors which enter into an equilibrium Kj with 
an enzyme independently of the reversible heat 

/ AHi ASi\ 

E. e " / 

denaturation shift the optimum to a higher tem- 
perature. The- constant K. may be arrived at 
from the following expression, in which Ii and Ij 
represent the rates of the uninhibited and the in- 
hibited reaction, respectively, X the molar con- 
centration of inhibitor, and r the number of mole- 
cules of X combining with one molecule of enzyme : 

(- - l) = K,Xr. 

The changing optimum temperature is given by 
the point of intersection of y and z, where 

— j Ai 

AH* -b Er'l E, 

and 

AHj K. X' AH: h - /- 

^ “ah* + HT'i -(- IC jA>~AH*-b Hr' h 

In those e.xprcssions, Allj: represents the energy of 
activation, while aH represents the heat of reac- 
tion and AS tlie entropy in the equilibrium desig- 
nated by subscript number. 

Inhibitors which combine with an cnzjTne in a 
manner (Ks) that promotes the reversible denatu- 
ration, shift the optimum to a lower temperature. 
The constant 
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m.ay bo obtained from the following: 

The expressions for y and z in this case are. 


and 
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in which the notation has the same meaning as 
before. In luminescence, sulfanilamide e.xempli- 
fies the former, and urethane the latter of the 
above types of inhibition. 

The response of hypophysectomized rats to 
intraperitoneal glucose injections. Sasitjeu Jo- 
seph (by invitation), Maevina Schweizeb (by 
invitation) and Robert Gaunt. Dept, of Biology, 
Washington Square College of Arts and Science, 
New York Univ. The effects of intraperitoneal 
injections of isotonic glucose solution were studied 
in normal, hypophysectomized and adrenalecto- 
mized male rats, in order to analyze the nature and 
cause of the abnormal response of hypophysec- 
tomized animals to this treatment (Gaunt, Rem- 
ington and Schweizer, 1937). Measurements in- 
dicated below were made at 3, 6 and 12 hour inter- 
vals in SI normal, 78 hypophysectomized and 8 
adrenalectomized animals. 

Hypophysectomized rats resembled intact ones 
in respect to (1) the initial transfer of fluid, elec- 
trolyte, and protein to the peritoneal cavity, and 
(2), if the animals were not moribund, in their 
subsequent absorption of fluid, electrolyte, pro- 
tein, and glucose from the peritoneal cavity. 

Hypophysectomized animals differed from nor- 
mal animals in these respects: 1, hemoconcentra- 
tion was more severe ; 2, there was little or no hemo- 
dilution as ascitic fluid was absorbed; 3, blood 
pressure and body temperature declined to lower 
levels; 4, stasis occurred in the peripheral circula- 
tion (web of foot); 5, little urine excretion oc- 
curred, and 6, many animals succumbed. 

All major deficiencies and death were prevented 
in hypophysectomized animals by the administra- 
tion of adrenal cortical hormones, and therefore 
presumably were of adrenal origin. 

Hypophysectomized animals, while resembling 
adrenalectomized ones in their susceptibility' to 
the shock-like circulatory failure, did not show 
similar shifts in water and electrolyte. This 
difference was exemplified by the fact thatadrenal- 
cetomized rats transferred much smaller amounts 
of water and electrolyte to the peritoneal cavity' 
in the early post-injection stages than either 
intact or hypophysectomized animals. 

Bile effect on gastric motility after histamine 
injections. Jerzy Kacebersz (introduced by 
T. L. P.atterson). Ifajme Univ., College of Med- 
icine. Previous studies indic-ated that bile in- 
troduced into a fasting dog's stomach during the 
quiescent phase stimulates gastric motility. If 
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the resting phase is not physiologically produced 
but pharnaacologically provoked by atropine, bile 
is without effect. Since secretion of gastric juice 
or bringing in of free acid into the stomach in- 
hibits gastric hunger contractions, it was of in- 
terest to establish how bile would act during the 
quiescent phase following histamine injection. 

Histamine given subcutaneously decreases after 
15-30 minutes gastric hunger contractions and then 
provokes a more or less complete resting phase 
lasting for about 1 hour. Usually in 75-90 minutes 
following histamine injection the hunger contrac- 
tions are resumed. Bile introduced directly into 
the fasting, fistularized dog’s stomach during this 
resting phase called forth contractions of short 
duration in only 3 of 22 experiments, while in the 
majoi-ity of cases no inSiience was noted. Thus, 
it seems that the normal spontaneous resting phase 
between gastric hunger contractions has some other 
physiological properties than that provoked by 
histamine. 

Histamine injected during the period of digestive 
contractions after beef heart intake did not call 
forth a resting phase, but bile introduced there- 
after into the stomach inhibited slightly the con- 
tractions and decreased the tone. Weak contrac- 
tions following the feeding of canned dog food 
are diminished bj' histamine but there is no further 
effect produced by bile. 

Reaction of the human stomach and intes- 
tine to bile. Jerzy Kaulbersz and James M. 
Winfield (introduced bj’’ T. L. Patterson). 
Wayne Univ., College of Medicine. Direct regis- 
tration and introduction of bile into gastric and 
intestinal fistula patients as well as a double tube 
with a balloon brought in through the nose or mouth 
were employed. 

Bile introduced during the resting phase of a 
fasting human stomach did not stimulate the 
motility in 16 of 20 experiments, which is contrary 
to that obtained from dog’s stomach. In 4 experi- 
ments some isolated contractions were observed 
and slight changes in tone. Bile salts and potas- 
sium which exert the same effect as whole bile in a 
fasting dog’s stomach, arc also without influence 
on the human stomach. However, we could con- 
firm the observations of some investigators that 
under the action of bile there is a decrease in 
emptying time of the stomach. 

Registration of bile effect on the motility of 
jejunum did not reveal a stimulation, but a slight 
inhibition occurred during the contractions. The 
motility stimulating action of bile was only noted 
on the human ileum. In 10 experiments carried 
out on 2 patients, one with an ileum fistula, the 
other with an incisional hernia, bile and bile acids 
introduced during the resting phase produced 
immediately strong intestinal contmetions lasting 
for several minutes. 


These observations reveal an analogy in tlie 
response to bile of human ileum and dog’s stomach, 
while from work of other investigators the positive 
action of bile on dog’s intestine may be included. 
The human stomach has a more stable resting 
phase; it seems to be a more powerful peacemaker 
than the dog’s stomach. 

Electroencephalograms of decorticate mon- 
keys. Margaret A. Kennard. Laby. of Physi- 
ology, Yale Univ., New Haven, Conn. Rhythmic 
potential variations were obtained from nuclear 
areas at the base of the brain after complete de- 
cortication in the monkey under dial narcosis. 

1. Basal ganglia. Potentials obtained from 
caudate and putameii are characterized by spon- 
taneous bursts appearing often only once or twice 
a minute, at other times every two or three sec- 
onds. They varied from S to 15 per second and 
from low amplitude at the beginning and end to 
very high in the middle of each burst. Potentials 
recorded from caudate and putamen of one side 
were always alike in shape and timing. Those 
from the two sides showed no temporal relation 
except that both sides had simultaneous times of 
great activity followed by intervals of much less 
activity. 

2. Thalannis. The thalamus produced poten- 
tial changes which were faster than those of basal 
ganglia and more like those of cortex. They varied 
slightly in pattern and amplitude but were con- 
stantl}’’ present and not subject to spasmodic 
bursts. 

3. Hypothalamus. From the hypothalamus 
very slight activity occurred which was of low 
amplitude, constant and regular at a rate of about 
ten per second. 

These potential characteristics of the different 
nuclear groups appeared distinct only when all of 
the cerebral cortex had been removed from both 
hemispheres. In the presence of cortex the same 
areas produced only cortical types of potentials 
although with slight regional differences, 
spontaneous bursts of activity appeared on the 
record until all of cortex had been removed. 

A metabolite of brain which reacts with p- 


aminobenzoic acid, the sulfonamides, and other 
aryl amines. Henry I. Kohn. Dcpl. of Physi- 
ology and Pharmacology, Duke Univ. School of 
Medicine, Durham, A’’. C. When brain brei (rat, 
rabbit, guinea pig) is suspended in Ringer-phos- 
phate and incubated at 38°, a substance B is prO' 
duced which reacts to form a pigment witi 
p-aminobenzoic acid, the sulfonamides, and other 
substituted aryl amines. The reaction i-s 
rapid in acid solution, but can also occur slow 
It pH 7.4. The stability of the pigment is greatest 


in acid solution. 

The production of B presumably involves ctir>'- 
matic processes and is coupled with the respiration 
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A'o B is formed, for example, in the presence of 5 
per cent trichloracetic acid or of 25 per cent alco- 
hol. If old brain (stored in the cold for 6 hours) 
instead of fresh brain is used, the production of B 
is impaired. No B is produced under anaerobic 
conditions. 

These data suggest that the toxicity of the sul- 
fonamides for man may be explained in part by 
their interference with the metabolism of B. 
Furthermore, they provide what may prove to be 
a chemical model of the bacterial reaction in which 
it has been postulated that p-aminobenzoic acid 
and sulfonamide compete for a compound not yet 
specified. 

The excretion of calcium by the colon of the 
unanesthetized dog. A. J. Kosmax (bj' invita- 
tion) and Smith Free.max. Dept, of Physiology, 
fiorlhweslern Univ. Medical School, Chicago. 
The effect of mildly irritating mustard oil-saline 
solutions upon the excretion of calcium by chronic 
colon fistulae was studied in tlircc dogs. The 
following procedure was carried out: the colon 
loop was washed thoroughly with warm isotonic 
saline and samples of the final washing saved for 
calcium determinations. The fistula was then 
perfused with 500 cc. of warm isotonic saline by 
means of a constant injection pump which cir- 
culated the fluid about 0 times an hour. At the 
end of one hour the irrigation was discontinued and 
the saline irrigate collected. 

A second perfusate of 500 cc. isotonic saline -f 6 
drops of mustard oil was then circulated through 
the fistula for one hour. The perfusates were 
dried and ashed and total calcium determined. 
The averaged results of 20 experiments were: 
Saline perfus.ate; total calcium, 7.4 nigra, (range 

2.7- 11. G); mustard oil perfusate; total calcium, 
13.9 mgm. (range, 6.7-24.4). 

Similar experiments were carried out on two dogs 
with chronic jejunal fistulae. The averaged 
results of ten experiments were: saline perfusate; 
total calcium, 1.24 mgm. (range 0.9-2.3 mgra.); 
mustard oil perfusate: total calcium, 4.7 (range 

1.7- S.S). 

In a third group of experiments, the colon fistula 
of one dog was perfused for one hour with 500 cc. 
of isotonic saline; the perfusate was then collected 
and the animal given 2 mgm. pilocarpine subcu- 
taneously. A second perfusate of isotonic saline 
was then circulated for one hour. The averaged 
results of eight experiments were: Saline perfu- 
s;ite: total calcium, 5.9 mgm. (4.S-G.7); pilocar- 
pine: total calcium, 13.5 mgm. (S.9-10.1). 

In no instance did the irritant or the drug fail 
to produce an increase in the total calcium of the 
perfusate. Further experimentation correlating 
mucin secretion with calcium excretion by the 
colon are in progress. 

Spermatozoa content of the seminal vesicles of 


Macaco mulatto. Idle K. Laxiab {now at the 
Department of Obstetrics and Gynecology, the 
University of Texas Medical Branch, Galveston), 
(introduced by Carl G. Hartman). Carnegie 
Laby. of Embryology, Baltimore. Six adult rhesus 
monkeys, used formerly for breeding and experi- 
ment, were investigated 10 minutes to 3 hours 
(less than 15 min. in 4 cases) after death. Five 
were killed by air embolism, and one died. All 
were in poor health. The seminal vesicles were 
enucleated carefully, then the vasa deferentia. 

Sperm content of seminal vesicles was 0 to 118 
millions/cc. (average, 5.9 millions/cc.). Sperm 
content of the vasa was 3 hundred to 16.3 billions/ 
cc. (average, 3.55 billions per cc.). In those semi- 
nal vesicles containing spermatozoa, motility 
averaged 19 per cent low grade motion in place. 
In the vasa deferentia, motility averaged 48 per 
cent good grade forward motion. Vesicle sperma- 
tozoa were 70 per cent grossly abnormal in shape, 
whereas spermatozoa in the vasa deferentia showed 
less than 20 per cent abnormal forms. 

Because the semen of the rhesus monkey gener- 
ally contains about one billion spermatozoa per 
cc. in the fluid portion, these data suggest that: 
1, in this species the seminal vesicles do not act as 
sperm storage organs, and 2, the relatively few 
spermatozoa which can be found there from time 
to time are not physiologically or morphologically 
normal. 

Increase of the renal filtration fraction after 
plasmapheresis. Harold La.mport, Esther Ma- 
CHLLA and Samuel Graff (introduced by J. F. 
Fulton). Laby. of Physiology, Yale Univ., Mew 
Haven, Conn., and Dcpls. of Pharmacology, of 
Obstetrics and Gynecology, and of Biochemistry, 
Columbia Univ., New York City. On the basis 
of the principle of homeostasis, it was previously 
concluded that reduced scrum protein should give 
rise to an increase in the renal filtration fraction 
(3. Clin. Invest. 21: 685, 1942). Since the frac- 
tion has been found reduced rather than increased 
in severe toxemia of pregnancy, whore the serum 
protein is low, the experimental verification of 
this conclusion in the intact otganism becomes 
important. 

Seven female dogs under pentobarbital anes- 
thesia were subjected to plasmapheresis, renal 
blood flow and glomerular filtration rate being 
measured by diodrast and inulin clearances. In 
six of the seven experiments, the filtration fraction 
rose when serum protein fell. The statistical 
likelihood tliat this finding is significant is 94%. 

In two of three control e.xpcriments involving 
return of the drawn heparinized blood without 
resuspension of the colls, a slight fall in filtration 
fraction was found. Pentobarbital alone on two 
successive days did not affect the filtration frac- 
tion. These controls indicate tliat the rise in fil- 
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tration fraction was correlated with the fall in 
serum proteins. 

The action of some phenylethyl amines on 
the intestine and heart. A. M. Lands and C. W. 
Geiter (by invitation). Frederick Stearns and 
Company, and Wayne Medical College, Detroit. 
The hydrochlorides of the compounds listed below 
have been investigated for their action on the iso- 
lated rabbit jejunum (Magnus method) and some 
of them for their action on the isolated tortoise 
auricle and the perfused frog heart. In the per- 
fusion experiments all injections were made di- 
rectly into the perfusion stream near the heart and 
the drug washed out of the tissue by the Ringer 
solution flowing through the organ. 

Isolated segments of the rabbit jejunum were 
relaxed by allyl-beta-phenylethyl amine (II), in a 
dilution of 1:20,000; by dibutyl-beta -phenylethyl 
amine (IV), methyldi-beta-phenylethyl amine 
(V), ethyldi-beta-phenylethyl amine (VI) in 
1:400,000 to 1:200,000; by propyldi-beta-phenyl- 
ethyl amine (VII) in 1:1,000,000 to 1:400,000. 
Ethyl -beta-phenylethyl amine (I), diethyl-beta- 
phenylethyl amine (III), and tri -beta-phenyl- 
ethyl amine (VIII) were without action in dilu- 
tions of 1:10,000. However, ethyl-beta-phenyl- 
ethyl amine injected intravenously into anes- 
thetized dogs and rabbits in amounts of 0. 1-0.5 
mgra./kgm. caused relaxation of the intact jejunum 
associated with a rise in blood pressure. The 
duration and intensity of the relaxation corre- 
sponded closely with the changes in blood pressure. 

Compounds I, II, III and V in 1-4 mgm. doses 
slow the rate of contraction of the perfused frog 
heart and cause some reduction in the amplitude 
of beat. Compound VI depresses cardiac activity ; 
doses of 0. 1-0.5 mgm. arrest all contraction in 
diastole. At least one half hour in Ringer solution 
is required to restore rhythmic contraction. Com- 
pound I in 1:20,000 causes a reduction in the ampli- 
tude with some increase in the rate of contraction 
of the isolated tortoise auricle. In this dilution, 
there is complete inhibition of the tonus waves 
that these preparations sometimes show. With a 
dilution of 1:4,000 there is a reduction in both rate 
and amplitude. Similar observations were made 
for compounds II, III, and V. Other compounds 
in this series were not used on the auricle. 

The activity of the adrenal cortex of rats ex- 
posed continuously to low atmospheric pressure. 
L. L. Langley (introduced by J. F. Fulton). 
Lahy. of Physiology, Yale Univ. School of Medi- 
cine, New Haven, Conn. It has been reported 
(Langley and Clark. Yale .1. Biol. Med. 14: 529, 
1942) that adrcnalectomized rats require more 
adrenal cortical hormone for survival while ex- 
posed to a simulated altitude of 20,000 feet tlian 
adrenalectomized rats living at sea-level. It was 
found, however, that after a few days exposure. 


the amount of hormone required diminished so that 
ultimately the requirements of the exposed group 
were the same as that of the controls. It seemed 
of interest to determine whether an intact animal 
exposed to anoxia for 6 days, and then adrenalec- 
tomized would, nevertheless, require increased 
amounts of the extract, or whether the adapted 
animals could survive with only the amount re- 
quired by the sea-level controls. The experiments 
previously reported indicated that the latter alter- 
native would be correct. 

Rats were exposed continuously at an altitude of 
20,000 feet. After the usual drop in body weight 
all of the animals showed a progressive gain. 
After 6 days the loss of weight had been regained. 
At this time they were adrenalectomized at sea- 
level, and returned to the decompression cham- 
bers. Each morning they were injected with 0.5 
cc. of cortical extract. They all survived and 
gained weight comparable to that observed in 
intact animals. Rats that had not previously been 
exposed were adrenalectomized at the same time, 
and subjected to the identical treatment. These 
steadily lost weight, and after a few days died. 
Thus, the conclusion that exposure of rats to 20,000 
feet altitude causes an activation of the adrenal 
cortex, which, after a few days, returns to normal, 
is confirmed. 

Metabolism of radioactive iodine in the thy- 
roids of rats kept at low temperature. C. P. 
Leblond, J. Gross, W. C. Peacock and R. D. 
Evans (introduced by Hans Selye). Dept, of 
Anatomy, McGill Univ., Montreal, P.Q. and Dept- 
of Physics, Massachusetts Inst, of Technology, 
Boston. The metabolism of radioactiye iodine 
in the thyroid glands was examined after the in- 
jection of 5 micrograms of radioactive iodide to 
adult rats kept at 0°C for 1, 3, 7 or 26 days. 

A significant increase in the amount of iodine 
fixed two hours after injection was found only in 
the thyroids of those animals which had been kept 
in the cold for 7 or more days. The increase in 
the iodine uptake of the thyroid was moderate in 
the seven-day group and very marked in the 2G-day 
group being at least three times the amount fixed 
by the controls kept at room temperature. Simi- 
larly, histological examination after a seven-day 
exposure to cold showed signs of clear cut thyroid 
stimulation in ihost of the animals, while after 
twenty-six days at 0°C the activation of the 
thyroid appeared intense. Measurement of the 
radioactivity in the inorganic iodide, diiodo- 
tyrosine and thyroxine fractions of the gland 
showed an increased turnover and excretion of 
iodine with more rapid formation of thyroxine in 
the 7- and especially the 20-day group. 

These results indicate that exposure of adult 
rats to cold causes an increase in thyroid activity. 
This response is comparatively' slow at 0°C, bccom- 
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ing clearly observable at seven days and rising to 
3 times the normal level at 26 days. 

Iodine metabolism in the thyroid gland after 
single injections of 5 or 500 micrograms of radio- 
active iodine to adult rats. C. P. Leblond, W. 

C. Peacock, J. Gboss, and R. D. Evans (intro- 
duced by H. Selye). Dept, of Anatomy, McGill 
Unio., Montreal, and Dept, of Physics, Massa- 
chvselis Inst, of Technoloyy, Boston. After 
single intravenous injections of 5 or SOO micrograms 
of radio-iodine to adult rats, the distribution of 
radio-iodine in the inorganic iodide, diiodotyrosine 
and thyro.xine fractions of the thyroid nas deter- 
mined at intervals of 15 minutes, 2 and 30 hours 
after injection. 

The uptake of iodine by the thyroid in the case 
of the smallest dose was progressive, increasing 
markedly with time, while with the larger dose 
there was only a relatively slight increase with 
time. 

Fractionation of the thyroid showed that after 
15 minutes or two hours most of the radio-iodine 
was present as inorganic iodide, while after 30 
hours the radioactivity predominated in the di- 
iodotyrosine fractions. This distribution was 
comparable for the two dosages. 

A comparison of the percentage of radioaotivit)’’ 
in each thyroid fraction with that of the total 
gland at the various time intervals indicate that 
in the dosages used, iodine entering the thyroid 
does so as inorganic iodine and is fairly rapidly 
converted into diiodotyrosine. 

The antispasmodic action of some para-xenyl 
acetic acid esters. J. R. Lewis (by invitation), 
A. M. Lands and C. ^Y. Geiter (by invitation). 
Frederick Stearns and Company, and Wayne 
Medical College, Detroit. The antispasmodic 
action of the hydrochlorides of several derivatives 
of the biphenyl compounds, b-diethylaminoethyl- 
p-.venyl acetate, b-piperidinoethyl-p-xenyl acetate, 
y-diethylaminopropyl-p-,\enyl acetate and y-piper- 
idinopropyl-p-xenyl acetate, has been determined 
on the isolated rabbit jejunum according to the 
technique of Magnus. Compounds with a methyl, 
ethyl, propyl, phenyl or cyclohexj-1 substitution 
on the acetate radical were tried for all the above 
esters except the last, in which case only the 
methyl and phenyl substitutions were available. 
In all instances, the methyl derivatives were the 
most active. Thus b-diethylaminoethyl-p-xenyl 
acetate HCl relaxes the unstimulated jejunal 
segment in 1:100,000-1:200,000 whereas b-di- 
etliylaminoelbyl-methyl-p-xenyl acetate relaxes 
in 1:1,000,000-1:2,000,000; b-piperidinoothyl-p-. 
xenyl acetate relaxes in 1:200,000-1:400,000 
whereas b-piperidinocthyl-methyl-p-xonyl acetate 
will relax in 1:2,000,000-1:4,000,000; y-diethyl- 
arainopropyl-p-xcnyl acetate relaxes in 1:40,000 
whereas y-diothylaminopropyl-methyl-p-xenyl 


acetate relaxes in 1:1,000,000-1:2,000,000. Com- 
pound y-piperidinopropyl-methyl-p-.\enyl acetate 
relaxes in 1:500,000-1:1,000,000. Increase in the 
size of the substituted group to ethyl, propjd, 
phenyl, or cyclohe.xyl, resulted in a reduction in 
antispasmodic activity from tliat of the methyl 
compound. 

Intravenous injections of b-piperidinoethyl- 
methyl-p-xenyl acetate were made into anesthet- 
ized dogs and rabbits and recordings made of the 
motility of the intact jejunum. Moderate relaxa- 
tion was obtained in the rabbit wdth 0.05-0.1 
mgm./kgm. and in the dog with 0.5 mgm./kgm., 
lasting for about 15 minutes. Intravenous doses 
of 1.0 mgm./kgm. had no effect on the carotid 
blood pressure of dogs. The p-xenyl acetates are 
irritating to the rabbit conjunctiva; with result- 
ing hyperemia and edema and in some instances 
corneal opacity. The toxicity of the most active 
compound, b-piperidinoethyl-methyl-p-xenyl 
acetate, was determined in albino mice by intra- 
peritoneal injection. A dose of 150 mgm./kgm. 
killed 13 out of 25 mice, most of the deaths occur- 
ring within the first few minutes. In general, 
toxic manifestations were those of central stimu- 
lation. 

The afferent fibers mediating myotatic reflexes 
and their central connections. David P. C. 
Lloyd. Laboratories of the Rockefeller Inst, for 
Medical Research, New York City. The afferent 
response to sudden, brief stretch applied to M. 
Gastrocnemius is conducted at 105-115 M/see., 
terminates with the cessation of stretch and 
suffers minimal dispersion by reason of conduc- 
tion to the spinal cord. Thus the largest, lowest 
threshold afferent fibers are involved. 

Stimulation of the low'est threshold afferent 
fibers in the gastrocnemius nerves results in the 
appearance of a two-neuron-arc discharge in the 
first sacral ventral root. Stimulation of the 
lowest threshold fibers in the first sacral dorsal 
root results in two -neuron-arc discharge into the 
gastrocnemius nerves. However, stimulation of 
one muscle nerve, w-hile yielding ample two- 
neuron-arc discharge into the ventral root, does 
not result in that discharge appearing in any other 
muscle nerve. There is no reflex from one head of 
M. Gastrocnemius to the other. Such discharges 
ns are found pertain to multineuron-arc paths, 
arc virtually confined to flexor muscle nerves and 
occur when cutaneous or high threshold muscle 
afferent fibers are stimulated. It follows that the 
two- neuron-arc discharge refleots only into the 
muscle or fraction of a musele from which it may be 
said to arise. The intensely local nature of the 
two-ncuron-arc discharge in contrast to the diffuse- 
ncss of the multineuron-arc discliargcs accounts 
for the intensely local nature of the myotatic 
reflex (Sherrington). 
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The evidence points to the conclusion that the 
most rapidly conducting afferent fibers and the 
most direct central reflex pathways are reserved 
for the mediation of myotatic reflex action. 

Influence of sulfonamides on neuromuscular 
responses of rats. David I. Macht (with tech- 
nical assistance of Ruth Legg). Pharmacological 
Research Laby., Hynson, WesicoU & Dunning, 
Inc., Baltimore, Md. The psychological effects 
of sulfonamides being of clinical importance in 
the war effort, experiments were made on the 
behavior and neuromuscular responses of rats 
after injection of sulfanilamide, sulfathiazole and 
sulfadiazine by studying 1, the behavior of rats 
in a circular maze to discover their activity as well 
as learning and discriminatory faculty ; 2, the effect 
of drugs on the neuromuscular coordination of the 
legs of rats walking a tight rope, and 3, the influ- 
ence of such injections on their ability to climb a 
perpendicular rope to determine the working 
capacity of the skeletal muscles. Twenty adult 
pedigreed rats were employed in a series of 150 
experiments. Doses of drugs injected ranged 
from 10 to 200 mgm., those below 20 mgm. pro- 
ducing little effect. Twenty to 40 mgm. effected 
a transient depression with recovery the same 
afternoon, even after injections on three succes- 
sive days. Fifty to 100 mgm. produced greater 
depression, also with rapid recovery. Quantities 
of 100 to 200 mgm. markedly affected all the test 
animals. The most depressant of the sulfonamides 
by far was sulfathiazole, which weakened especially 
the neuromuscular responses normally exhibited 
in climbing. The least depressant was sulfa- 
diazine which even in doses below 75 mgm., usually 
induced excitement and quicker performance. 
The animals invariably recovered in a few days 
even after large doses. Note that doses of 30 
mgm. for rats of 200 grams’ weight equals 150 
mgm. per kilogram, corresponding to a dosage of 
9 gmms for a man of 60 kilograms. 

• Effect of amino benzoic acids and sulfanilamide 
on lupinus seedlings. David I. Macht and 
Dorothy B. Kehoe (by invitation). Pharma- 
cological Research Laby., Hynson, lFes(cot< & Dun- 
ning, Inc., Baltimore, Md. Studies were made 
by the author’s well-known methods on the 
growth, under standardized conditions (tempera- 
ture, light, etc.), of Lupinus albus seedlings in 
plant-phj'siological solutions with and without 
amino benzoic acids and sulfanilamide, separately 
and together. Of the three amino benzoic acids 
the meta-amino variety is the most toxic, the 
ortho-amino coming next and the para-amino 
being least toxic, the indices for seedlings grown 
in 1:20,000 solutions of the three acids for 24 hours 
at CO^C. in the dark being 31, 50 and 64 per cent, 
respectively. Para-amino benzoic acid (“Paba”) 
in dilutions of 1:1,000,000 or more stimulated 


growth; stronger concentrations inhibited it. 
Seedlings grown in 1:10,000 and 1:25,000 sulfanil- 
amide solutions gave indices of 68 and 73 per cent, 
respectively. Solutions of sulfanilamide less th.in 
1:200,000 stimulated growth. A combination of 
Paba and sulfanilamide in various concentrations 
uniformly exerted a synergistic or more toxic 
influence on growth of Lupinus albus seedlings 
than could be obtained by adding the effects of 
the individual constituents. This was true also of 
seedlings grown in water without physiological 
salts and also held good for excised Lupinus roots. 
The well-known inhibitory action of para-amino 
benzoic acids for bacteria, trypanosomes and 
malarial plasmodia and the findings described 
above strongly suggest that bacteria are more 
closely related to microscopic animals than to 
microscopic plants. 

Influence of heparin on growth of lupinus albus 
seedlings. David I. Macht. Pharmacological 
Research Laby., Hynson, Westcott & Dunning, 
Inc., Baltimore, Md. In connection with a gen- 
eral study of its pharmacodynamic properties, 
the effects of heparin were studied on root growth 
of Lupinus albus. Seeds were germinated in 
ground sphagnum and root growth of seedlings ,was 
studied hydroponically under standard ecological 
conditions (light, temperature, etc.) in Shivo 
solution for 24. hours. The index of growth is 

N 

expressed by the formula in which N e.xpresses 

A. 

the average root growth of controls and X that of 
seedlings placed in hep.arin solutions of the same 
plant-physiological saline. Growth of seedlings 
for 24 hours in coneentrations of heparin varying 
from 1:1,000 to 1:100,000 at Ifi-lO'C. in the dark 
was measured, and a peculiar growth curve was 
obtained. Some of the concentrations stimu- 
lated root growth above normalcy while others 
inhibited it. Peaks of growth were reached in 
solutions of 1:100,000, 1:45,000 and 1:20,000, the 
indices obtained therein being 112, 111 and 113 
per cent, respectively. The greatest inhibition 
occurred in concentrations of 1:65,000, 1:35,000 
and 1:1,000. The indices of growth reached in 
these solutions were 75, 82 and 66 per cent, re- 
spectively. Practically identical were the results 
obtained with samples of Swedish, Swiss, Canadian 
and American (H. W. & D.) heparin. Heparin is 
a mucoitin polysulfuric acid. A synthetic ana- 
logue, the sodium salt of polyancthol sulfonic acn 
{Liquoid Roche), far from stimulating, exerted a 
toxic action and inhibited growth in soliition.s o 
1:100,000. Stronger concentrations were even 
more toxic in direct proportion to the amount o 

the drug employed. _ . i / 

Action of snake venoms on the intestinal true . 
David I. Macht. Pharmacological Research harj -, 
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Hynson, Wcsicott & Dunning, Inc., Ballimore, 
Md. Konnal cats, guinea pigs and rats were 
parenterally injected with a physiological salt 
solution of snake venoms in lethal and sublethal 
doses, as tested by assay on mice ; and a differ- 
ence was noted between COLUBRIDAE apd 
VIPERIDAE Venoms with regard to their effect 
on bowel movements and pur^tion. Venoms of 
the COLUBRIDAE— Naja tripudians, Naja 
naja, Hamadryas (king cobra), Bungarus fasciatvs 
(kmit), and Sepedon hacjnachaies—iixrely exerted 
a purgative action. Venoms of the VIPERIDAE 
—Daboia (Russell’s viper), Bothrops alrox, 
Lachesis gramincus and Aghislrodon piscivorus 
and several species of Croiaius— usually effected 
puigation, and Daboia venom produced bloody 
stools. Experiments on rats by the Macht- 
Barba-Gose method (J. A. Ph. A., 20: S58, 1931) 
revealed tliat these venoms did not stimulate 
intestinal peristalsis directlj’ but inhibited it. 
The purgative action of VIPERIDAE venoms 
appears there to be due to general poisoning rather 
than to selective stimulation of the intestines. 
Cobra venom increased the tonicit}' of isolated 
intestinal loops of cats and rabbits in vitro as did 
Daboia and Crotalus venoms although not so much 
as cobra venom. Treatment of such loops from 5 
to 15 minutes with venom did not paralyse their 
response to epinephrine, pilocarpine, atropine, 
etc. Results of these experiments with intact 
animals are comparable to symptoms of snakebite 
in man as described by Noguchi, Prentice Willson 
and others. In reports of thousands of clinical 
cases treated therapeutically with cobra venom 
solution (H. IV. & D.) no laxative or purgative 
effect was noted. 

The toxicity of snake venoms after administra- 
tion by stomach. David I. Mackt and Dorotht 
B. Kehoe (by invitation). Pharmacological 
Research Laby., Hynson, WeslcoU & Dunning, 
Inc., Ballimore, Md. Numerous experiments 
were made by comparing the toxicity of snake 
venoms after parenteral injection with their toxic- 
ity after administration by special stomach tube 
to mice. Contrary to the belief held by laymen 
and naany physicians, adequate doses of most 
snake venoms are toxic when given orally. A 
great difference in toxicity, however, was noted 
between the venoms of the COLUBRIDAE and 
tho.se of the VIPERIDAE. The COLU~ 
BRIDAE venoms studied were the Kaja naja, 
A'aja tripudians, Naja haji, Naja nivea, Hama- 
dryas (king cobra), Bungarus fascialus (krait), 
Sepedon haemachates and Micrunts fulrius. The 
VIPERIDAE venoms studied were the Daboia 
(Russell’s viper), Bothrops airox, Lachesis 
gramincus, Aghislrodon piscivorus, Aghislrodon 
vwhasen. Rifts nrfetans and eighteen species of 
Croinbis. The COLUBRIDAE venoms, rich in 


neurotoxin, are lethal for mice when given by 
stomach in doses of 0.5 to 2.0 mgm. Of all the 
VIPERIDAE venoms studied at least 20 mgm. 
were required to kill when administered to mice 
by stomach. The venoms of rattlesnakes had a 
wide range of toxicity, some proving fatal in doses 
of 30 mgm. and others having a lethal dose of over 
100 mgm. when administered by stomach to mice. 
Results of biochemical studies on neuroto.xins of 
several venoms of each group by Van Eswald’s 
method support the conclusion that neurotoxins 
preponderating in the venoms of the COLU- 
BRIDAE are more resistant to digestive juices 
than the other constituents predominating among 
the venoms of the VIPERIDAE. 

Influence of lemperature on behavior of fish 
in morphine and cobra venom solutions. D.avid 
I. Macht (with technical assistance of Ruth 
Legg). Pharmacological Research Laby., Hynson, 
WeslcoU <£; Dunning, Inc., Baltimore, Md. Ichthyo- 
metric studies were made on the activity of 
Carassius auratus at different temperatures by' 
methods described elsewhere (J. A. Ph. A., 1941, 
XXX, 203). Three ranges of temperature were 
employed; (1) 20 to 25°C., (2) 15 to 20°C. and 
(3) 25 to 30°C. Experiments with normal con- 
trols established the fact that lower temper- 
atures inhibit and warmer temperatures stim- 
ulate activity of goldfish. Morphine sulphate 
was employed in concentrations of 1:5,000 to 
1:1,000. • Cobra venom was studied in concentra- 
tions by weight of 1:10,000 to 1:300,000 (the po- 
tency being 0.01 mgm. per mouse unit). At room 
temperature, morphine, 1:1,000, was lethal in a 
few hours while cobra venom iras lethal within 
twelve hours in concentrations below 1:20,000. 
Fish placed in solutions of morphine, 1:2,000 to 
1:5,000, at 20 to 25°C., revealed marked depression 
and to.xicity after an hour's exposure to drug. 
Colder solutions depressed only after two hours. 
Warm solutions became depressant in half an hour 
and markedly depressant in one hour. 

Cobra venom solutions, 1:150,000 to 1:300,000, 
at normal temperatures (20-25'’C.), produced little 
effect. Solutions of 1:80,000 were depressant; 
concentrations stronger than 1:20.000 were lethal. 
Solutions of 1:100,000 to 1:300,000 at the lower 
temperatures (15-20°C.) effected definite stimula- 
tion or excitement. At warmer temperatures the 
same concentrations definitely depressed. 

Effect of menotoxin on ' neuromuscular re- 
sponses, David I. M-xcht. Pharmacological 
Research Laby., Hynson, WeslcoU & Dunning, 
Inc., Baltimore, Md. Twenty-four rats, twelve 
male and twelve female, were injected with nor- 
mal and menstrual blood sera, respectively, care 
being taken to avoid anaphylactic shock by not 
using the same animals too often. In three sets of 
e.xperiments studies were made on 1, tlic beliavior 
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of rats in a circular maze to discover their activity 
as well as learning and discriminatory faculty; 
2, the effect of drugs on the neuromuscular co- 
ordination of the legs of rats walking a tight rope, 
and 3, the influence of such injections on their 
ability to climb a perpendicular rope to determine 
the working capacity of the skeletal muscles. 
Considerable variation in toxicity was noted in 
different samples of menstrual blood. All the 
menotoxic sera, however, markedly affected the 
behavior of the rats. Doses of 0.25 to 0.50 cc. 
lengthened the time of performance and increased 
the number of errors in the maze. In the rope 
experiments animals injected with menstrual sera 
exhibited a marked weakness as compared with 
controls receiving normal serum or normal physio- 
logical saline. In the rope-climbing test especially 
large doses of menstrual blood stalled or completely 
incapacitated the animals; and two rats, one male 
and one female, were killed by such injections of 
menstrual serum. 

Sensitization of guinea pigs through male 
genitalia. David I. Macht. Pharmacological 
Research Laby., Hynson, Westcott & Dunning, 
Inc., Baltimore, Md. Twenty guinea pigs were 
sensitized by subcutaneous injections of horse 
serum, then allowed to rest from ten to four- 
teen days, after which the antigen was injected 
directly into their circulation. With one excep- 
tion all the animals developed typical anaphy- 
lactic shock followed in most cases by death. 
A series of normal, unsensitized control guinea 
pigs, similarly injected with horse serum, exhibited 
no anaphylactic phenomena. A third series of 20 
guinea pigs were then treated as follows: Daily 
applications of 0.2 cc. of horse serum to the pre- 
putial sac were made for 10 to 15 minutes for five 
days, the animals each time being returned to 
their cages after treatment without washing out 
the serum. After they had rested from ten to 
fourteen days, horse serum was injected directly 
into the circulation of the guinea pigs. All except 
three animals developed more or less violent ana- 
phjdactic shock, thus proving definite sensitiza- 
tion by absorption through the prepuce and penis. 
Fifteen of the animals died of anaphylactic shock. 
Complete excision of the prepuce was performed 
in another series of guinea pigs. After healing 
of the wounds, horse serum was daily applied to 
the penis for fifteen minutes on 5 successive days. 
These guinea pigs exhibited anaphjdactic phe- 
nomena after a rest period of ten to fourteen days 
on injection of the antigen but these sjTnptoms 
while definite were not violent and did not result 
fatally in most of the cases. 

A hitherto unreported spinal reflex of the cat. 
Martin B. Macht (introduced by Philip Bard). 
Dept, of Physiology, School of Medicine, Johns 
Hopkins Univ., Baltimore, Md. When a paw of a 


normal cat is immersed in water it is withdrawn 
immediately and is usually shaken vigorously. 
The effective stimulus is tactile, for the response 
is not influenced by the temperature of the water 
within the range 0°-45°C. Macht and Bard ob- 
served in long-surviving- decerebrate cats a paw- 
withdrawal response which is dependent upon 
conditions of stimulation distinctly different from 
those effective in the normal animal. The decere- 
brate preparation in the chronic state withdraws 
and shakes its paw only if that paw is immersed 
in water the temperature of which is at a certain 
level above or below the body temperature of the 
animal. In the case of water at a temperature 
below that of the body, the response is dependent 
upon a gradient between the temperature of the 
water and the temperature of the body; the re- 
ceptors involved are probably Krause’s end-bulbs. 
In the case of water at a temperature above that of 
the body, the threshold for withdrawal is e.\- 
tremely high, is relatively constant, and is inde- 
pendent of body temperature; the receptors here 
are probably free nerve-endings. 

The non-tactile reflex described above is evocable 
contralaterally after removal of one frontal pole 
of the cerebral cortex. It has been observed in 
long-surviving decorticate, hypothalamic, mesen- 
cephalic, pontile, and spinal animals, but none of 
these preparations ever showed the tactile re- 
sponse. It is concluded that the tactile with- 
drawal response, seen in the normal animal and 
dependent upon the functional integrity of the 
frontal poles, masks a purely spinal reflex. 

The effect of sodium cyanide on the formation 
of the pressor substance of the completely 
ischemic kidney. C. J. Marienfeld (by invita- 
tion) and G. E. Wakerlin. Dept, of Physiology, 
Univ. of Illinois College of Medicine, Chicago. 
The release of a pressor substance or substances on 
reestablishment of the circulation of the com- 
pletely ischemic kidney has been demonstrated 
(Taquini and others). There is also evidence for 
the presence of a pressor substance in perfusates 
of completely ischemic kidneys (Williams and 
others). Moreover the formation of pressor 
amines by the renal cortex under anaerobic condi- 
tions has been shown (Holtz and others). Tiic 
importance of these pressor substances for the 
pathogenesis of e.xperimental renal hypertension 
has been suggested. 

In view of the possible role of local anoxia in the 
suggested enzymatic production and release o 
the pathogenetic pressor substance from f 
kidneys of experimental renal hypertensive (Go < 
blatt) animals, wc have studied the effcct of sodiuni 
cyanide on the rate and amount of pressor su 
stance formed in the completely' ischemic ki( ncy 

of cats, both by' perfusion and by' recstablishmcn 
of the renal circulation technics. Sodium cyani 
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produced no change in the average threshold time 
of one-half hour for the consistent demonstration 
of the pressor substance and no change in its 
amount when the perfusion technic was used. 
Similar though equivocal results were obtained 
with the reestablishment of the renal circulation 
technic. The results suggest that the enzyme 
systems inhibited by the concentrations of cyanide 
used are not involved in the production of the 
p.essor substance of the completely ischemic 
kidney and constitute negative evidence against 
a role for anoxia in the release of the pathogenetic 
renal pressor substance in e.xperimental renal 
hypertension. 

The central inhibitory action of adrenaline and 
related compounds. Amedeo S. Mabrazzi (intro- 
duced by R. W. Gerard). Depl. of Physiology, 
Univ. of Chicago and Depl. of Pharmacology, New 
York Univ. College of Medicine. Having found 
that adrenaline and sympathomimetic amines in 
general exercise a specific inhibityory action on 
sympathetic ganglionic synapses, it seemed perti- 
nent to determine whether such an action occurs 
at synapses of the central nervous system. 

The on and off potentials recorded from the optic 
cortex (Gerard, Marshall and Saul, 1936) on briefly 
illuminating the contralateral eye in lightly nem- 
butalized cats suffered a marked reduction when 
adrenaline was injected intravenously. Adren- 
aline has little effect on cerebral circulation other 
tlian to secondarily accelerate blood flow, which 
would not produce inhibition. Intracranial pres- 
sure changes were eliminated. 

Localization of the site of action was partly 
achieved as follows. Potentials evoked by il- 
luminating the eye were recorded directly from 
the optic tract by concentric electrodes inserted 
with the aid of the stereotaxic apparatus. These 
potentials were also reduced by adrenaline, point- 
ing to an action on the eye, probably on the retinal 
synapses. Next the electrodes in the optic tract 
were utilized to stimulate the optic pathway 
exclusive of the eye. Adrenaline again reduced 
the cortical responses, pointing to an action on 
one or both of the remaining synapses, the genicu- 
late and cortical. Within the optic pathway, 
therefore, adrenaline has multiple sites of inhibi- 
tory action. Extraocular optic inhibition was also 
obtained with amphetamine (benzedrine). 

Evoked auditory cortical potentials likewise 
were reduced by adrenaline. Work continues in 
further localization, in extending the survey of 
the effects on the afferent flow to the cortex and 
in determining whether minimal effective doses 
will place the actions in the physiological and 
therapeutic ranges. [Aided by a grant from the 
Dacian Foundation for Medical Research.] 

The use of canlharidcs blisters for the study of 
tissue fluid. II. S. M.*iyersox. Lahy. of Phys- 


iology, School of Medicine, Ttilane Univ., New 
Orleans, La. Cantharides plasters rvere applied 
to the skin of the forearm or ankle and removed 
15 to 22 hours later. The resulting blisters were 
heavily coated with vinylite resin and cannu- 
lated by means of hypodermic needle tubing ce- 
mented into the top of a no. 000 gelatine capsule 
to which small weighed flasks were attached. The 
blisters were drained and the subsequent rate of 
fluid formation determined by removing and 
weighing the flasks at various intervals. The 
specific gravity was also determined by the falling 
drop method. 

Control observations indicated that the rate of 
formation and the specific gravity of the fluid were 
relatively constant for a period of about 4 to 6 
hours after the plasters were removed. The rate 
of formation subsequently diminished but the 
specific gravity did not change. In many cases, 
fluid was still being formed in measurable quan- 
tities twenty -four to thirty hours later. The rate 
of flow in the various experiments ranged from 0.006 
to 0.14 cc. per sq.cm, per hour and the protein con- 
tent varied from 2.2 to 5.6 grams per cent. Venous 
congestion in the arm resulted in an increased 
formation of fluid which, in several experiments, 
amounted to over 400 p.c. The total amount of 
protein present in the fluid also increased signifi- 
cantly. Reestablishment of normal circulation 
resulted in an almost complete suppression of 
fluid flow for an hour or more. Direct heating of 
the arm below the blister with an electric heater 
increased the amount of fluid formed and its 
specific gravity. Standing also resulted in a 
marked increase in the formation of fluid of high 
specific gravity in blisters placed on the ankles. 

These preliminary findings suggest that the pro- 
cedure offers a convenient and relatively easily 
controlled method of studj'ing the changes in 
formation and composition of tissue fluid under 
many physiological and pathological conditions. 
[.Aided by a grant from the John and Mary Markle 
Foundation. ] 

Storage of fluorine in human bones and teeth. 
J. F, McCeexdo.v and W.m. C. Foster (by invita- 
tion). Hahnemann Medical College, Philadelphia. 
Gnnn ordinary diet each of us was excreting 1 mgm. 
fluorine in the urine per day. One of us (J.M.) 
had 2 molar teeth extracted, the dentin of which 
contained 0.019 and 0.033 per cent F respectively. 

Following this for a period of about I year each 
of us ingested 1 gram of powdered fluorapatite 
containing 40 mgm. fluorine daily. During this 
period (J.M.) had 2 more molar teeth extracted, 
the dentin of which contained 0.042 and 0.047 per 
cent F respectively. 

After 5 weeks (j.M.) e.xcrcted 10.3 and (IV.F.) 
S.4 mgm. F daily and after 10 months (J.M.) e.x- 
creted 11 mgm. F daily. .V week after the la.st 
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apatite ingestion (J.M.) excreted 10 mgm. F daily 
and 2 months later 8 mgm. F daily. Since this is 
more than could be stored in the teeth it indicates 
that fluorine was stored in the bones. No toxic 
effects were observed even when 2.5 times this 
quantity of fluorapatite was ingested daily for 3 
weeks. 

Prevention of dental carles by brushing the 
teeth with fluorapatite. J. F. McClendon and 
Wm. C. Foster (by invitation). Hahnemann 
Medical College, Philadelphia. Rats on a cracked 
cereal-milk powder diet containing 0.3 part per 
million of fluorine developed 3.3 caries per rat in 
90 days, whereas rats on the same diet but with 
their teeth brushed each day with powdered fluor- 
apatite developed 0.3 caries per rat. In 100 days 
the figures were 3.5 and 0.5 respectively. The 
dentine of the molar teeth not brushed with fluor- 
apatite contained 0.0069 per cent F whereas that of 
rats on the same diet but with their teeth brushed 
with fluorapatite contained 0.08 per cent F, an 
increase of 11 times. The increase in F in the 
enamel was about 5 times (0.006-0.033). This 
indicated that the rats swallowed the fluorapatite, 
as was also indicated by their more rapid growth 
and greater health. The enamel of the constantly 
growing incisors was only slightly higher in fluorine 
than that of the molars. {The flvorapatiie xoas 
given by the Rhwn Phosphate and Chemical Co., 
Mt. Pleasant, Tenn.] 

Fluctuation of cortical oxygen tension during 
induced convnilsions. Warren S. McCulloch 
and E. Roseman (by invitation). Illinois Neuro- 
psychiatric Inst. By recording synchronously the 
electrical activity of the cerebral cortex, the elec- 
trocardiogram and a measure of the current through 
a negative platinum' electrode and a positive Ag- 
AgCl electrode, due to a voltage selected to fall 
at the center of the oxygen plateau of the cur- 
rent-voltage curve, the ox 3 'gen tension of the cor- 
tex was studied during seizures induced with vari- 
ous convulsive agents in animals paralyzed with 
beta-erythroidine-hydrobromide. Recently con- 
comitant blood pressures have been recorded. 
The maximum changes in oxygen tension were first 
obtained by respiration of 5 per cent CO 2 in 95 per 
cent oxygen and with 100 per cent nitrogen. 

Seizures were induced electrically and by in- 
travenous caffeine, aminophylline, coramine, 
metrazol, picrotoxin and strj’-chnine. In all cases 
there was a marked fall in oxygen tension, begin- 
ning before electrical signs of the seizure, and usu- 
all}’ reaching its nadir subsequent to the fit. 
Thereafter it rose above the pre-seizure level. 
Onlj' during rapid recurrence of seizures in status 
did the electrical activity increase before oxj’-gcn 
tension fell . Blood pressure and heart rate studies 
showed that the fall in oxj'gen tension could not be 
attributed to altered s.vstemic circulation. There- 


fore, it is concluded that the observed fall in oxy- 
gen tension is due to the altered metabolism of the 
cortex, and that the alteration begins before the 
observed electrical seizure of the cortex. 

A further brief note on the presence of leukotax- 
ine in inflammatory exudates. Valt Menkin. 
Dept, of Pathology, Harvard Univ. Medical School, 
Boston, Mass. Leukotaxine recovered from exu- 
dates induces both increased capillary permea- 
bility and prompt migration of polymorphonuclear 
leukocytes. (Menkin, V. Dynamics of inflam- 
mation. Macmillan Co., New York, 1940.) The 
cutaneous accumulation of a dye, trypan blue, from 
the circulating blood stream serves as a gauge of 
the extent of capillary permeability. Recently 
Freeman and Schecter have shown that a dye, 
T-1824, present in the blood stream, will accumu- 
late in an area of skin in a dog previously treated 
with the serum obtained from a different dog. 
(Freeman, N. E. and A. E. Schecter. Proc. Soc. 
Exper. Biol, and Med. 51: 29, 1942.) On the other 
hand, these investigators have pointed out tlmt 
cutaneous injection of the serum of a given dog 
followed by introduction of a dye in the circulation 
of the same animal is not followed by any accumu- 
lation of the indicator dye substance. The writer 
has in his chemical studies been unable to demon- 
strate the presence of leukotaxine in normal blood 
serum. (Menkin, V. Dynamics of inflammation. 
Macmillan Co., New York, 1940.) Nevertheless, 
in view of Freeman and Schecter’s observations, 
experiments on dogs have been undertaken to 
determine whether the exudate of a given animal 
W’ill induce when injected into its own skin an 
accumulation of trypan blue from the circulation. 
Similar experiments had already been performed in 
the past on rabbits (y. Menkin. J. Exper. Med. 
64: 485, 1936). The cutaneous introduction in a 
dog of such an exudate, previously removed from 
its pleural cavity, is indeed found to be followed by 
an intense accumulation and local staining of tlic 
tissue with dye. Since this reaction fails to 
occur with its serum, the observation serves as 
further indication concerning the presence of a 
substance liberated in exudates which increases 
capillary permeability (i.e., leukotaxine) and its 
corresponding absence in the serum of a given ani- 
mal. 

On maternal and paternal inheritance of bodily 
form in the hybrid plutei of the sea urchins, 
strongylocentrotus purpuratus and S. Francis* 
canus. A. R. Moore. Dept. Psychology, Unit'- 
of Oregon, Eugene. In a study published in 191 , 
Ijoeb, King and Moore described the bodily form 0 
pluteus of S. franciscanus as round-topped niti 
very long ventral arms, while tliat of S. purpuratus 
was of pj'Tamidal sliape with short arms; pfutei 0 ^ 
the hj-brid purpuratus 9 X franciscanus a 
showed rounded top and ventral arms modern c , 
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long. Recently E. B. Harvey has reported her 
failure to obtain other than maternal inheritance 
in this cross. Because of the unsatisfactory na- 
ture of the evidence submitted by Harvey it seems 
nccessar5'^ to re-e.vamine the problem. This was 
done by making photographic records of the larvae 
in the five day stage, temperature 13.5° to 15°C. 
As indicator of bodily form I have used the ratio 
of body-width to total length, i.e., tip of ventral 
arm to apex. Measurements were then made on 
enlarged photographs with a vernier calliper. For 
/roncfscanus the ratio is 0.603, for ■purpiiratus is 
0.810, for the hybrid, purpiiralus 9 X /ranciscanvs 
o', the ratio is 0.646. Therefore, in the hybrid 
pluteus, the inheritance of bodily form is more 
nearly paternal than maternal. 

Differential effects of stretch upon the stroke 
volumes of the right and left ventricles. W. 
Glenn Moss (by invitation) and Victor Johnson. 
Dept, of Physiology, Vniv. of Chicago. In motion 
picture studies of the outputs of the right and left 
ventricles, estimated separately and simultane- 
ously in dogs, this laboratory reported (Am. J. 
Physiol. 137 : 620, 1942) that periodic respiratory 
fluctuations in output were associated with cor- 
responding fluctuations in diastolic sizes of the 
right and left ventricles. When the diastolic size 
of the right ventricle increased, its stroke volume 
also increased, even though the diastolic size and 
stroke volume of the left ventricle simultaneously 
decreased. 

Employing the same technique, and varying the 
diastolic size by several methods, the authors 
found that the relationship of diastolic size (i.e., 
initial fiber length) to stroke volume (i.e., fiber 
shortening) was more direct in the right than in the 
left ventricle, probably because the peripheral 
resistance factor in the work done by the heart 
fluctuates less in the pulmonary than in the 
systemic circuit, A given increment in diastolic 
size of the right ventricle was found to be more 
effective in causing an increased stroke volume 
than was true of the left ventricle, probably be- 
cause the muscle fibers of the right ventricle pur- 
sue a straightcr course tlinn do the fibers of the left 
ventricle so that a given increase in diastolic size 
produces a greater actu.al stretch of the fibers them- 
selves in the right ns compared with the left 
ventricle. 

Treatment of experimental renal hypertension 
with vitamin A preparations. W. G. Moss (by 
invit.ation), E. L. Smith (by invitation) and G, E. 
Wakerun. Dept, of Physiology, Vniv. of Illinois 
College of Medicine, Chicago. Striking reductions 
in blood pressure were observed in three renal 
hypcrtciiBivc dogs treated daily with 200,000 units 
of vit.amin A concentrate in scs.ame oil by mouth 
for three months, followed by 400,000 units for an 
additional three months. Two control dogs 


treated with sesame oil by mouth for six months 
showed no significant changes in their hypertensive 
levels. One hypertensive dog show'ed no signifi- 
cant change in blood pressure after three months 
of treatment with 400,000 units daily of a highly 
purified vitamin A preparation by mouth. One 
hypertensive dog showed no significant cliange in 
blood pressure after three months of treatment 
with heat-inactivated vitamin A concentrate. 
These preliminary results suggest but do not prove 
that the antihypertensive activity of the vitamin A 
concentrate which we have used is due to some 
heat-labile constituent of the concentrate other 
than vitamin A. 

In view of the therapeutic results with the 
vitamin A concentrate, a study of its prophylactic 
effect was also made. Thus far, four dogs have 
been treated for three months prior to bilateral 
constriction of the renal arteries with 400,000 units 
of the concentrate daily by mouth without any 
effect on the normotensions of the animals. Four 
control dogs have been treated prophylactically 
with sesame oil. The results show that the vita- 
min A concentrate in the dosage used does not 
protect dogs against the development of experi- 
mental renal hypertension produced by con- 
•striction of the renal arteries. 

No evidences of toxicity from the vitamin A 
concentrate were detected in any of the animals. 

The monkey (Macaca mulatta) after hemi- 
section and subsequent transection of the spinal 
cord. Grayson P. McCouch, Joseph Hughes 
and Winifred B. Stew.vrt. Dept, of Physiology, 
Vniv. of Pennsylvania and Inst, of the Pennsyl- 
vania Hospital, Philadelphia. A series of 14 
macaca mulatta monkeys and one macacus mordax 
have been studied after hemisection and subse- 
quent transection of the spinal cord. In confirma- 
tion of prerious work, reflex recovery was always 
more rapid in the previously paretic extremity. 
Three animals developed crossed reflexes on the 
chronic side in response to stimulation on the acute 
side. Crossed flexion of digits was recorded a few 
hours after transection; crossed extension of leg 
two or more days later. Crossed inhibition may- 
be more effectual when driven from the chronic 
side affecting the acute side than vice versa. 
Only exceptionally is asymmetry reflected in 
internuneial potentials; never to the degree ob- 
taining in the corresponding reflex rc.sponses. 
This is consonant with our previous finding tint 
interneurons suffer less severely from spinal shock 
than do motoneurons. If the last cells to recover 
be motoneurons, crossed reflexes should find their 
c.arliest motor expression upon the side of previous 
hemisection xvherc recovery is more ad\-anccd and 
in those units which show least depression. Thus 
digital flexion, which is the first ipsihtcral reflex, 
is likewise the first crossed response. With 
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crossed inhibition internuncial shock may be a 
significant factor in recovery. Another may lie 
in the high susceptibility to inhibition of the 
motoneuron when its excitability is low. Both 
influences favor inhibition from a source on the 
chronic side of previous heraisection acting upon 
the motor cells of the more depressed side which 
has suffered almost its entire quota of shock after 
transection. Results accord with these con- 
siderations. 

The effect of adrenocortical extracts on the dis- 
tribution of injected potassium. L. J. Mullins 
(by invitation), Terbine K. Adler (by invita- 
tion) and W. 0. Fenn. Dept, of Physiology, 
School of Medicine and Dentistry, Univ. of Roches- 
ter, Rochester, N. Y. Potassium chloride (1.66 
ml of 0.2 M) was injected into the carotid artery 
of anesthetized rabbits at 20 minute intervals. 
Just before each injection a sample of blood was 
taken and the plasma was analyzed for K. The 
progressive increase in K concentration was thus 
followed in normal animals and animals pretreated 
for two days with adrenal cortical extract. (Usu- 
all}’- SO dog units per day and a third similar dose 
intravenously just before the experiment). The 
calculated volume of distribution was 99 per cent 
of the body weight in the normal and 60 per cent 
in the cortin-treated animals. The difference 
was not due to excretion of potassium but appeared 
to indicate a diminished uptake of K by the tissues 
under the influence of cortin. Thus cortin-treated 
animals died sooner than the controls because the 
plasma K concentration was higher. With an 
intraperitoneal injection of a single large dose of 
KCl (7.7 mM per kgm.) the cortin had an opposite 
or protective effect, the injected animals liaving a 
slower and smaller increase of K concentration in 
the plasma. Repetition of these e.xperiments with 
intraperitoneal injections of radioactive K showed 
less radioactivity in the muscles of the cortin- 
treated animals. Superficially considered these 
experiments appear to show that cortin decreases 
the transfer of K from peritoneum to plasma or 
from plasma to tissues. Tentative . experiments 
indicate that desoxycorticosterone has an effect 
similar to cortin when administered in olive oil 
but is without effect when given in alcohol. 

The failure of asparagine to protect guinea pigs 
from the lethal effects of anoxia. Dorothy 
Nelson (introduced by A. C. Ivy). Dept, of 
Physiology, Northivestern Univ. Medical School, 
Chicago. We have found that a carrot diet pro- 
longs the survival of guinea pigs exposed to acute 
anoxia. Campbell obtained evidence indicating 
tliat the cellulose content of carrots is partially 
responsible for their beneficial effects in the case of 
rats. It seemed possible that succinic acid, one 
of the principle residues from the break down of 
cellulose might account for the carrot’s protection 


against ano.xia because of its important role in 
the oxidation-reduction processes. To test this 
hypothesis the following investigation was under- 
taken. 

Two groups of 7 male guinea pigs (A and B) were 
given a diet of Purina rabbit chow and milk (ad 
libitum). This diet was previously found to be 
detrimental compared to a carrot diet. Group A 
was fed daily by tuberculin syringe 1500 mgm. 1-as- 
paragine in syrup. Group B received syrup only. 
Asparagine is used interchangeably with succinic 
acid in cellular metabolism and is better tolerated 
by the animals. The dose was based on the maxi- 
mal amount of succinic acid obtainable from the 
estimated quantity of carrots eaten in the previous 
experiment. A control group, C, (10 males) was 
given Purina rabbit chow, carrots and greens. 

After 3 weeks on these regimes the animals were 
exposed (decompression clmmber) for 1 hour to 
each of the following pressures : 178.7, 170.4, 162.4, 
154.9, and 147.6 mm. Hg. The survival was as 
follow's: Group A, 19 per cent; B, 14 per cent; C, 
90 per cent. Conclusion: Asparagine fed to guinea 
pigs does not protect them against the lethal effects 
of anoxia. [Assisted in part by a grant from the 
Abbott Fund of Northwestern University.] 

Maintenance of corpora lutea in hypophysec- 
tomized rats by lactogenic hormone. Warren 0. 
Nelson and J. Walton Pichette (by invitation). 
Wayne Univ., College of Medicine, Detroit. It is 
possible to induce a condition of pseudopregnancy 
in adult female rats by the administration of estro- 
genic hormone. The phenomenon appears to be 
due to the release of luteotrophin from the hypopli- 
ysis and not to any direct effect of estrin on the 
corpus luteum (Nelson and Pichette, 1942). Ani- 
mals in which pseudopregnancy has been induced 
by the continued administration of estrin return 
to estrus within a few days after hypophyscctomy. 
As a further test of the primary importance of the 
hypophysis in the reaction luteotrophin (lactogenic 
hormone) w'as used to substitute for the hypophy- 
sis in hypophysectomized animals. 

Twenty-four animals received 200 I.U. estrone 
(Theelin) daily, treatment in each instance being 
instituted during estrus. Eight animals received 
no further treatment. They maintained periods 
of pseudopregnancy for 14 to 19 days before assum- 
ing continuous estrus . Sixteen animals were hypo' 
physectomized on the 7th to 9th day after the ini- 
tiation of treatment. Five animals which receive 
only estrone returned to estrus on the 3rd or 4t i 
day after operation. The remaining eleven am 
mals received 10 mgm. lactogen daily for 7 to 
days, starting with the day' of hypophyscctomy, 
in addition to estrone. Without exception hitc-'i 
function, as shown by c.xamination of the ma^n 
mary glands, vagina, uterus and ovaries, was main 
tained throughout the period of treatment, n 
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four instances lactogen was withdrawn, estrone 
being continued. Estrus occurred tliree daj-s 
later. 

These results affirm the importance of the 
hypophysis in the maintenance of corporalutea in 
animals treated with estrogenic hormone. 

The effect of anoxia on the activity of the colon. 
David W. Nobthot, Edward J. Van Libre and 
J. CuFFOBD Stickney (by invitation). Depl. 
of Physiology, School of Medicine, West Virginia 
Univ., Morgantown. The action of acute anoxia 
on the activity of the colon of the dog has been 
studied. Movements of the longitudinal muscles 
were recorded by a device described by Lawson. 
Anoxia was produced by having the animals 
breathe o.xygen-nitrogen mixtures made in an anes- 
thesia machine. In a few e.vperiments a rebreath- 
ing apparatus with soda lime absorber was used. 
Concentrations of oxygen ranged from about 6 to 
15 per cent. 

Concentrations of 13 to IS per cent O 2 had little 
if any effect other than slight loss of tone. This 
evidently represents the threshold for the effects. 
It corresponds to an altitude of from 9,000 to 12,000 
feet. Lower concentrations depressed the rhyth- 
mic activity; at the lowest oxygen tensions used 
contractions were practically abolished. Occa- 
sionally a brief initial stimulation was seen. When 
the animals were again allowed to breathe room 
air, about half of them exhibited a strong spasm of 
the longitudinal intestinal muscles. Lasting ap- 
proximately 15 minutes. 

Chronic hypoxia in the cat. Robert H. Oster 
and J, E. P. To.man (by invitation). Dept, of 
Physiology, Univ. of Maryland School of Medi- 
cine, Baltimore. Mature healthy cats showed 
marked resistance to hypoxia. Survival times (to 
respiratory failure) varied from 14 to 60 minutes at 
3.5 ± 0.1 per cent oxygen, among different animals, 
with a mean value of 31 minutes. Some animals 
showed acclimatization of as high as SO per cent 
after 6 or more daily tests. 4.6 per cent oxygen 
was found to be the lowest concentration at which 
consciousness could be maintained for two hours. 
(At the same rate of gas flow pure nitrogen pro- 
duced respiratory failure in 2 to 4 min.) 

Of SO animals subjected to 157 hypoxia tests, only 
C failed to recover with artificial respiration. Five 
animals, after 12 to 21 daily exposures, showed 
lasting impairment (blindness, deafness, cachexia, 
anorexia, and general reflex depression). Two 
such animals, maintained for sev'cral months, im- 
proved considerably, but developed permanent 
hyperactivity and a stereotyped cage-scratching 
behavior pattern. Electrocortieograms showed 
continuous 3-pcr-sccond dysrhythmia compared 
with normal cals at the same anaesthetic stage. 
Brain sections revealed a small but significant 
percentage of chromntol.vsis in all ncocortical 


laj'ers, particularly in the outer pyramids and 
granules, and most marked in the primary visual 
area. Damage was also marked in lateral genicu- 
late, and moderate in superior and inferior colliculi, 
thalamic midline nuclei, medullary reticular for- 
mation, and nucleus gracilis. [Stipported by a 
grant from the Bressler Alumni Research Fund.] 
Electroencephalographic observations associl 
ated with large intravenous injections of acetyl- 
choline in mental patients. Bernard L. Paceela 
and Meter M. Harris (introduced by S. E. 
Barrera). Dept, of Psychiatry and Internal Medi- 
cine, New York State Psychiatric Inst, and Hos- 
pital. Studies were carried out on 8 patients 
who received intravenous injections of acetyl- 
choline in doses ranging from SO to 490 mgm. A 
total of 13 electroencephalographic studies were 
made on this group associated with injections of 
acetylcholine. In addition to this EEG recordings 
were made before, after, and in two instances dur- 
ing the course of acetylcholine therapy. (Courses 
varied from 19 to 61 injections given daily 5 times 
a week, week-ends being omitted.) The observa- 
tions, therefore, may be divided into two groups. 
First, those associated with the individual injec- 
tion of acetylcholine and second, those resulting 
from a course of treatment. 

It was found that only those cases which re- 
ceived relatively large doses of acetylcholine (over 
120 mgm.) sufficient to produce cardiac arrest for 
periods ranging from 6 to 40 seconds resulted in 
very temporary alterations of the EEG pattern 
consisting of slow, high amplitude potentials. 
These potentials usually appeared after 6 to 15 
seconds of cardiac arrest and persisted about 10 to 
20 seconds after regular cardiac rhythm was es- 
tablished. Subsequent to this most EEG records 
exhibited an increase in the alpha amplitude and 
incidence for varying periods up to | of an hour of 
observation. In those cases which did not show 
any cardiac arrest following acetylcholine injection 
little or no changes in the electroencephalogram 
resulted. This latter observation is similar to 
that reported by other investigators for normal 
individuals and is in contrast to the observations 
reported for epileptic patients. 

After a complete course of acetylcholine injec- 
tions there did not seem to be any appreciable 
alteration in the electroencoplialographic pattern 
from that which was observed prior to treatment. 

The occurrence of a vasoconstrictor substance 
in blood during shock induced by trauma, hemor- 
rhage and burns. Irvine H. Page. Lilly Laby. 
for Clinical Research, Indianapolis City Hospi- 
tal, Indianapolis, Ind. Shock, whether elicited 
by tourniquets placed around the extremities, 
stripping and exposing the intestines, hemor- 
rliage and burns, is associated with the appear- 
ance in the plasma of a substance which causes 
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vasoconstriction in rabbits’ ears perfused with 
either calcium-free Ringer’s solution or plasma. 
It does not originate in the kidneys, adrenal 
glands, nor does destruction of the spinal cord 
or renal denervation prevent its appearance. 
Evidence gathered from application of a method 
depending on fatiguing the vascular musculature 
Suggests, if the validity of the method is accept- 
able, that the vasoconstrictor action of plasma from 
burned, bled and shocked dogs is caused by iden- 
tical or very similar substances. Furthermore, it 
differs from the vasoconstrictors present in hyper- 
tensive’s (human and canine) plasma and in serum 
(human and canine). None of these vasoconstric- 
tors seem to be histamine. 

The diuretic action of thyroid in diabetes in- 
sipidus. Donald Phillips (by invitation) and 
Kendbick Hare. Dept, of Anatomy, State Univ. 
of Iowa, Iowa City. Dried thyroid has been 
added to the diet of three groups of dogs (1) nor- 
mal, (2) latent polyuric, and (3) with severe 
diabetes insipidus. Complete destruction of the 
pars nervosa produces dogs with severe diabetes; 
partial destruction results in a dog relatively de- 
ficient in antidiuretic hormone. Under ordinary 
circumstances this animal has a normal or slightly 
increased water exchange but, under the stress of 
thyroid or saline administration, develops a severe 
polyuria. 

Thyroid feeding increased the creatinine clear- 
ances of all three groups by about the same amount. 
In group 1 the urine flow was only slightly in- 
creased ; in group 3 it was increased by about the 
same percentage as glomerular flltration. In group 
2 the urine flow was increased as much as 40 fold 
when glomerular filtration was only doubled. 
Therefore a part of the diuresis is due to a dimin- 
ished tubular reabsorption of water. The chlo- 
ride R/P in groups 1 and 3 is not altered, but in 
group 2 it is progressively elevated over a period 
of 2-3 weeks toward that of a dog with diabetes 
insipidus. Two possibilities are evident; the thy- 
roid decreases the formation or liberation of the 
pituitary antidiuretic hormone or it interferes with 
the action of pituitrin on the renal tubules. Only 
the latter has been studied. Dogs with severe 
diabetes insipidus concentrate their urine, as 
measured by creatinine U/P, on the injection of as 
little as 0.1 milliunit of Pitressin. The same dogs 
failed to respond to 20 milliunits when they were 
fed thyroid. 

The influence of liver damage, by chloroform, 
on pentothal sodium in guinea pigs. Gbady W. 
Phillips (by invitation), Mark C. Wheelock 
(by invitation), and E.u.mett B. Car.michael. 
Depis. of Physiological Chemistry and of Pathology, 
School of Medicine, Univ. of Alabama, University. 
A 26.66 per cent solution of chloroform in olive oil, 
in var 3 ’ing doses from 0.3 cc./kgm. to 0.5 cc./kgm.. 


was injected intraperitoneally into 24 normal well 
fed adult guinea pigs at intervals of 3 to 4 da 3 's until 
2 to 4 doses had been injected. Food was provided 
at all times to prevent inanition. Pentothal in 
doses of either 45 mgm./kgm. or 50 mgm./kgm. 
was injected intraperitoneally 3 to 4 days after the 
last injection of chloroform. The animals were 
kept warm and those that died were autopsied at 
once and those that survived the barbiturate were 
allowed to eat and then were terminated. His- 
tologic studies gave evidence of liver damage for 
all animals that received chloroform. The kidneys 
of these animals showed no damage. Five of the 
24 animals died after receiving the pentothal 
rvhich is about the same per cent of deaths for 
normal animals that receive these same doses of 
this drug. 

The duration of hypnosis in control animals was 
7 to 8.5 hours with an average of about 8 hours, for 
the above doses, whereas the chloroform injected 
animals, noth the exception of one w'hose hypnosis 
lasted 7.5 hours, had a hypnosis lasting from 9.5 
to 21 hours. The average length of hypnosis of the 
animals that lived under both doses of pentothal 
was about 12 hours. This shows an increase in the 
duration of hypnosis of about 50 per cent above the 
normal duration of hypnosis for these doses of 
pentothal. 

The effect of ischemia on neuro-musculor 
response. E. L. Porter and E. L. Callahan (by 
invitation). Dept, of Physiology, Medical School, 
Univ. of Texas, Galveston. In some recent studies 
on arterial pain, we appeared to be demonstrating 
that ischemia caused an increased reflex response 
as evidenced by a higher contraction of the tibialis 
anticus muscle which was being used as an in- 
dicator. Upon testing this muscle as a nerve- 
muscle preparation, however, we found that ische- 
mia caused an increased height of contraction here 
also. The curarized muscle did not show this 
effect under ischemia. A'either was it an effect 
on the nerve, since the circulation in the nerve 
could be seen to continue during the muscle ische- 
mia. We have concluded, therefore, that ischemha 
causes an improved conduction through neuro- 
muscular junctions. This action would be similar 
to that caused bj' asphy.xia on the synapses of the 
cord. It suggests that the pain accompanying 
intermittent claudication may be due in part to 
an action on neuro-muscular junctions, with a 
resultant over-contraction of the muscle. 

The effects of hyperventilation and of blood 
pressure changes on self-sustained responses 
of the cerebral cortex. E. C. del Pozoand- - 
Lead (introduced by H. Davis). Dept of Physi 
ology. Harvard Medical School, Boston, Ma..s. 
These effects were studied in cats under dial anes- 
thesia. Multiple electrical records were taken 
from 2 to 6 pairs of electrodes placed on the pia ol 
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one or both hemispheres, with capacity-coupled 
amplifiers and ink-writing galvanometers. The 
stimuli were trains of induced shocks delivered to 
the cortex. 

Hyperventilation produces a marked decrease 
of the self-sustained responses (Rosenblueth and 
Cannon. Am. J. Physiol. 135 : 690, 1942). The 
decrease occurs simultaneously in all the active 
regions. The duration of the response is shorter; 
the voltage and frequency of the potential changes 
are reduced. The spontaneous activity is also 
reduced by hyperventilation. These changes are 
reversible. One to three minutes of hyperventila- 
tion are usually sufficient to produce the effect. 

Hyperv'entilation causes a fall of blood pressure. 
Falls of blood pressure produced bj- vagal stimula- 
tion or compression of the heart arc attended by a 
decrease of the cortical responses. However, when 
the fall of blood pressure caused by hyperventila- 
tion is prevented by compression of the aorta, a 
decrease of the self -sustained activity still occurs. 

Overbreathing nithout acapnia (gas mixtures 
rrith 4 to S per cent CO 2 ) does not lower the blood 
pressure, and fails to reduce the cortical responses. 

It is concluded that acapnia diminishes the self- 
sustained responses and the spontaneous activity 
of the cortex. 

The response of the pyloric sphincter region 
to emotions and noxious bodily stimuli. J. P. 
Quiglet and (by invitation) H. J. Bavob, M. R. 
Read and B. L. Brof.man. Dept, of Physiology, 
ll''cs(crn Reserve Univ. Medical School, Cleveland, 
0. Reports by previous investigators indicate 
that pylorospasm is readily produced by noxious 
stimuli applied to almost any portion of the body. 
These reports, however, were based on indirect 
observations or on experiments performed on anes- 
thetized animals. 

In a series of dogs trained to participate in the 
experiments, we have reinvestigated this problem 
with tandem balloons inserted in the pyloric region 
and also bj' the roentgenological observation of the 
sliadow of lead shot stitched to the serosa at either 
side of the sphincter (pyloric diagraph method). 
The process of gastric evacuation nns also observed 
and the antral and bulbar pressures measured. 
Tlic effect of emotional upsets, of agreeable or dis- 
agreeable stimuli applied externally or the dis- 
tention of several parts of the digestive tract nns 
studied in both fed and fasting aninmls. 

In the unancsthotized, normal animal, the in- 
XTiriable result was an inhibition of the motility 
and tone of the entire pyloric sphincter region 
(antrum, sphincter and bulb). Gastric empty'ing 
was also suspended during this period of pyloric 
region inhibition. The duration and magnitude 
of the rcsjx)nso tended to parallel the strength of 
the stimulus. Contrary to previous reports, in 
this investigation, pylorospasm uns not easily 


produced. The delay’ in the evacuation of stomach 
contents induced by emotions or noxious bodily 
stimuli resulted from a cessation of gastric peristal- 
sis. It did not involve a spasm of the pyloric 
sphincter; in fact, it occurred in spite of sphincter 
relaxation. [This investigation was aided by a 
research grant from the Council on Pharmacy and 
Chemistry. ] 

Thyroid feeding and NaCl balance in experi- 
mental diabetes insipidus. C. E. Radcliffe 
(introduced by W. R. Ingram). Dept of Anatomy, 
State Univ. of Iowa, Iowa City. Daily NaCl 
balances were followed over considerable periods 
in normal cats and cats with diabetes insipidus 
under standard conditions and during thyroid 
feeding. Thyroid feeding in DI cats increased the 
polyuria considerably. At the onset of thy’roid 
feeding there was a transient period of increased 
NaCl output, but as the urine volume was elevated 
the NaCl output fell so that for the duration of the 
enhanced polyuria the NaCl balance was positive 
and there was an actual retention of NaCl. The 
same was true in normal cats, but with no diuretic 
response. 

DI cats after thyroidectomy had average urine 
volumes which were 25-35% less than the previous 
polyurias but still 3 to 4 times the output of normal 
cats . The NaCl excretion was slightly altered , the 
curve approaching a mirror image of that obtained 
during and after thyroid feeding. 

Associated with tliyroid feeding there u-as a rise 
in the excretion of nitrogen in both normal and DI 
cats. This increased nitrogen output, however, 
does not fully parallel the curve of diuresis, cannot 
fully account for the increased urine volume, and 
is probably’ no more than a contributory’ factor in 
the increased glomerular filtration rate which fol- 
lows thy’roid feeding. 

Similarities in the effects of thyroid feeding and 
of the ingestion of large quantities of salt in the DI 
animal were noted. 

Electrocardiographic changes during sustained 
anoxia. IValteb C. Ran’dau, (introduced by Carl 
J. Wiggers). Dept, of Physiology, IVestem Reserve 
Univ., Cleveland, 0. Electrocardiographic changes 
during sustained anoxia were studied in barbital- 
ized dogs. Progressive reduction of the o.xygen per 
cent in a respirometer to any’ desired level was ac- 
complished by rebreathing, CO- being absorbed. 
Animals were naaintained at such chosen levels by’ 
continuously admitting oxy’gen into the respirom- 
cter in amount cqui%alent to tliat being used. 
Individu-al resistance varied; some dogs collapsed 
after short exposures to 12 to 13 per cent oxy’gen, 
while others withstood long exposures at 6 to S per 
cent. Length of exposures were varied from 20 
minutes to 7i hours, after whieh time the dogs were 
returned to air. 

The first prominent cltctrocardiographic cliange 
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was a definitely deci'eased voltage in the R-wave, 
often becoming lower than the P and T-waves. 
With continued anoxia, slurring or splintering ap- 
peared, sometimes during rebreathing but more 
often later in sustained anoxia. Splintering was 
occasionally noted in the normal record, but with 
anoxia the splint shifted counter-clockwise and 
became more severe. Such changes in R-wave 
have not previously been described. Depression 
of the T-wave and ST-segment, or a diphasic T, 
sometimes occurred during rebreathing. More 
prominently, however, the ST-segment shortened 
and inclined upward, becoming incorporated in the 
T-wave as T-voltage was enormously increased 
during severe anoxia. The P-R interval shortened 
slightly with accelerated heart rates, lengthening 
only as terminal heart block became imminent. 
The electrocardiogram sometimes returned to nor- 
mal after short exposures but failed to do so after 
long exposures. 

Relation between gastric potential and gastric 
secretion after histamine. W. S. Rehm (intro- 
duced by Hampden Lawson) . Dept, of Physiology, 
Univ. of Louisville School of Medicine, Louisville, 
Ky. A Incite chamber was made in two parts 
M'hich could be fastened together across the wall of 
the stomach permitting an intact blood supply to 
that portion in the chamber. Normal saline was 
placed in the chamber and 100 ml. portions of saline 
were run through the chamber at 10 minute inter- 
vals. H+ secretion was determined by measuring 
the pH, free and total acidity of the 100 ml. portions 
of saline. A non-polarizable electrode was con- 
nected to the chamber and another similar elec- 
trode was placed against the serosa. Potentials 
were measured with a potentiometer. Under these 
conditions there was no evidence of a resting secre- 
tion of H"*". Injection of histamine was followed in 
all cases by a decrease in the magnitude of the 
potential and a lowering of the pH of the saline. 
After the response to a single injection the poten- 
tial and secretion gradually returned to their 
original levels. With repeated injections the po- 
tential and secretion could be maintained at their 
new levels for the duration of an experiment. The 
decrease in the potential ranged from 31 per cent 
to 47 per cent. The average potential before his- 
tamine was 71 mv. and after histamine was 43 mv. 
The average pH of the 100 ml. portions of saline was 
3.0 after a relatively constant rate of secretion had 
been reached. 

Effect of thiocyanate on gastric potential and 
secretion. W. S. Rehm and A. J. Enelow (intro- 
duced by Hampden Lawson). Dept, of Physiology, 
Univ. of Louisville School of Medicine, Louisville, 
Ky. In another communication (Federation Proc. 
2: p. 40, 1943) evidence has been presented for a 
relation between gastric potential and gastric 
secretion after histamine stimulation. It has pre- 


viously been shown by several groups of workers 
that thiocyanate inhibits gastric secretion. A 
further testing of the h 3 'pothesis that there is a 
relation between gastric secretion and gastric po- 
tential was undertaken by studying the effect of 
thiocyanate on potential and secretion. The same 
technique for measuring secretion and potential 
was used as described in the other communication 
(loc. cit.). Regularly repeated injections of his- 
tamine were given and after the rate of secretion 
had reached a relatively constant level, thiocyanate 
(0.22 gm. per kgm.) was injeced intravenously. 
This was followed by a decrease to 0 of the secretion 
rate, and a concommitant return of the potential, 
after an initial relatively small decrease to its 
original pre-histamine level. In order to determine 
whether the effect of thiocyanate was independent 
of the secretory activity of the stomach its effect 
on the resting potential was investigated. A small 
dose of histamine was injected to make sure that 
the stomach was capable of secreting and after the 
stomach had returned to the non-secreting condi- 
tion, thiocyanate was injected. No effect on the 
potential was observed. Subsequent injections of 
histamine after thiocyanate were without effect 
on the potential and did not produce secretion. 

The role of liver and kidney in the action of 
dicumarol (3,3'-Methylene-Bis- (4-hydroxycoiiin- 
arin)). Richahd K. Richahds and F. R. Steo- 
GEKDA. Abbott Laboratories, North Chicago, III- 
The action of Dicumarol (3,3'-Methylene-Bis-(4- 
Hydro.xycoumarin)) has been studied in different 
species of animals and in humans. Its depressing 
effect upon the blood prothrombin level lias so far 
been found to be the only outstanding property of 
this compound. The mechanism of action and the 
fate of the drug in the organism are not yet known. 
The role of kidney and liver was studied in a large 
number of rats. 

A progressive, subacute liver damage was pro- 
duced by daily injections of CCL; this is accompa- 
nied by a slight depression of plasma prothrombin 
after a number of injections. A standard dose of 
Dicumarol (2.5 mg.) was given to such rats and 
their prothrombin time determined 24 hours later, 
an increasingly greater response to Dicumarol 
occurred indicating the possibility of an excessive 
depression of the prothrombin level at a degree of 
liver damage which shows by’ itself no or an only 
slightly elevated prothrombin time. 

Unilateral nephrectomy was without influence 
upon degree or duration of action of Dicumarol, 
following bilateral nephrectomj', the response after 
24 hours was the same as in normal rats. However, 
from then on the prothrombin content continiicc 
to fall in nephrectomized animals until their death, 
while in unoperated rats the prothrombin level luK 
reached its lowest point after 24 hours and rcturne' 
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to normal nithin 48 hours after administration of 
the drug. 

Extraventricular control of the ventricular elec- 
trocardiogram. I. Application of KCI to the 
auricles. Jane Sands Robb and Robeht C. 
Robb (by invitation). Depl. of Pharmacology and 
Hendricks Research Fund, College of Medicine, 
Syracuse Univ., Syracuse, N. Y. Granted that 
S-T shifts in the electrocardiogram may be 
obtained by application of KCI to the ventricle, it 
n-as not hitherto known that identical effects may 
be obtained by similar application to the auricles. 
Furthermore, in the latter instance, we have ob- 
served either elevation or depression of S-T both 
before and during complete heart block. The P 
wave amplitude may either increase or decrease, 
auricular S-T may be slightly elevated or de- 
pressed, and the auricular T may be more positive 
or more negative. Local anesthetics of the cocaine 
series applied to the auricles produce the same 
changes as KCI, i.e., a “coronary” type of record. 
Because the ventricular complex may be modified 
bj’ disturbances in the auricles even when the 
Bundle of His is experimentally sectioned, we con- 
clude that there must be pathways to the ventricle 
which do not accompany the Bundle of His. 

Extraventricular control of the ventricular elec- 
trocardiogram. II. The effect of nicotine applied 
to the auricles. Robert C. Robb (by invitation) 
and Jane Sands Robb. Dept, of Pharmacology 
and Hendricks Research Fund, College of Medicine, 
Syracuse Univ., Syracuse, A’. All autonomic 
ganglia are first stimulated and then paralyzed 
fay nicotine. Its application to various areas of the 
mammalian auricles can initiate an ectopic auricu- 
lar rhythm often with aberrant conduction to the 
ventricle, and also ST and T wave clianges. The 
rate is immediately accelerated and later slowed. 
Because all these effects can occur after section of 
the vagi and atropine have inactivated the para- 
sjTnpathctic system, the sympathetic system 
seems implicated. Nonidez (Am. J. .Anat. 65: 361, 
1939) lias described the sjanpathetic innervation 
of the heart. In a personal communication he 
states that there are pale staining cells in the auri- 
cles, which may be sjanpathetic ganglion cells 
similar to tlie small ganglia known to have wan- 
dered from the larger ganglia to occupy a more 
peripheral position along the cardio-sjanpathctic 
nerves. These subendocardial sympathetic trunks 
are distributed to the ventricular muscle as well as 
being coronary vasodilators. In atropinized dogs 
each successive application of nicotine first in- 
creases and then decreases the heart rate. As 
larger areas of the atiriclcs become paralyzed the 
ST ivxttcrns also vary and the heart rate may even- 
tually become slowed to 10 or 12 per minute. It 
seems prolxible that the changes of ST as well as 
the slowed rate may be due to suppression, of 


activity in these sympathetic nerve cells. This 
study seems to indicate the presence- of sympa- 
thetic ganglia in the auricles with postganglionic 
ventricular terminations. 

Extraventricular control of the ventricular elec- 
trocardiogram III. Application of KCI to the 
cardiac plexuses. Jane Sands Robe and M. S. 
Dooeet (by invitation). Dept, of Pharmacology 
and Hendricks Research Fund, College of Medicine, 
Syracuse Univ., Syracuse, H. Y. To establish the 
implication that KCI, or local anesthetics or nico- 
tine when applied to the auricle cause ST and T 
changes by action on the sympathetic supply to 
the ventricle, M/5 KCI was applied to the cardiac 
plexuses along the great vessels. In atropinized 
dogs with the vagi cut, and the pericardium intact, 
M/5 KCI applied to the plexuses alters the form 
of the ventricular electrocardiogram producing 
either elevation or depression of ST and either a 
more positive or more negative T, depending on the 
region treated. In some experiments, 6 galva- 
nometers were used simultaneously, three to record 
action currents and three with tight strings (10 mv. 
= 1 cm.) to record direct current ; the control bo.xes 
were untouched during the e.xperiments so that 
shift of base lines gives a measure of injury cur- 
rents. When KCI is applied to the ventricle, in- 
jury currents up to 30 m.v. are often recorded in 
the standard indirect leads. When KCI is applied 
to the nerve plexuses and thus ST levels become 
changed, there is no readable amount of injury 
current recorded in any one of the 3 standard leads. 
The ST shifts have been as great as 2 mv., the av- 
erage 0.5 or 0.6 mv. One must conclude that when 
the sjmpathetic cardiac plexuses are treated with 
M/5 KC! (or cocaine) not only does the heart rate 
become less but there is also an effect on ventricu- 
lar muscle which is reflected in the ventricular 
waves of the electrocardiogram. 

Extraventricular control of the ventricular elec- 
trocardiogram. IV. The effect of stimulation or 
excision of the stellate ganglion (and accelerator 
nerves). J. S. Robb and A. H. Hegnader. Depts. 
of Pharmacology and Physiology, Hendricks Re- 
search Fund, College of Medicine, Syracuse Univ., 
Syracuse, N. Y. Rothbeiger and Winterberg, 
Otto, Jannesco and lonescu, and more recently, 
Puddu and Cliamberlain, have reported on these 
procedures. Witliout exception stimulation of the 
sympathetic is reported to cliange the electrocar- 
diogram. Most authors find right-sided stimula- 
tion more effective; left-sided, more variable; 
while tiiat of the two sides is generally opposite. 
Excision of the ganglia is usually reported not to 
alter the electrocardiogram, but Daniclopolu and 
Marcu oppose this view. 

In our experiments on v.agotomizcd, atropinized 
dogs, c.xcision luid less effect than was obtained by 
nicotine. At first, nicotine stimulated the ganglia 
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inducing rapid auricular rates, premature auricular 
beats, or sometimes an ectopic auricular rh 3 '^thm 
with aberrant ventricular conduction. Later the 
rate slowed and S-T displacements occurred. We 
confirm Rothberger and also Otto in observing 
more than one ECG pattern resulting from stimu- 
lation of one side. 

We conclude that the sympathetic nerves do 
more than merely regulate the heart’s force and 
rate. It seems obvious that these serve as the 
mechanism integrating the right and left heart 
chambers, and determine, to a considerable extent, 
the form of the electrocardiogram. 

Potential changes in the olfactory brain pro- 
duced by electrical stimulation of the olfactory 
bulb. Jeezt E. Rose (by invitation) and Clin- 
ton N. WooLSEV. Neurological Laby. of the 
Phi-pps Psychiatric Clinic and Dept, of Physiol- 
ogy, Johns Hopkins Univ., School of Medicine, 
Baltimore. A lateroventral dissection of the cat’s 
head was made to bring into view the basal olfac- 
tory structures. Other dissections exposed the 
medial aspect of the hemisphere and Ammon’s 
formation. 

On electrical stimulation of the olfactory bulb 
responses were recorded from the surfaces of the 
olfactory tract, the prepyriform, the periamygda- 
lar and the entorhinal areas of the hippocampal 
gyrus. No responses were observed in the retro- 
splenial area, the olfactory tubercle, the diagonal 
band or in Ammon’s formation. 

In the olfactory tract and prepyriform area the 
responses were surface negative and spikelike, 
sometimes with two distinguishable peaks. This 
double spiked response was the characteristic wave 
form in the medial part of the hippocampal gyrus. 
Here the peaks were clearly separated, with the 
second larger than the first. Laterally, in the 
lateral periamygdalar area, the first spike prac- 
tically disappeared while the second remained 
prominent. In addition, in this portion of the 
hippocampal gyrus a slow surface positive wave 
followed the spike. The responses in the entor- 
hinal area were small and resembled those of the 
medial part of the hippocampal gyrus. 

Skin temperatures of the extremities in induced 
deficiencies of thiamine, riboflavin and other 
components of the vitamin B complex. Ghace 
M. Roth, R. D. Williams and Charles Sheard. 
Mayo Foundation and Clinic Rochester, Minn. 
Disturbances of vasomotor responses of the feet 
have been reported bj"^ Wenckebach, Weiss and 
Wilkins, and Wilkins and Kolb on patients suffer- 
ing from peripheral neuritis associated with vita- 
min deficienejL 

As a part of cooperative study' on induced iso- 
lated vitamin deficiencj' states, vasomotor dis- 
turbances of the extremities as measured by skin 
temperatures were carried out on eight phj'sicallj' 


healthy women for a period from 205 to 253 days in 
the nutrition division. For the purposes of this 
study, the subjects were divided into four groups 
of two subjects each. In group 1 observations 
were made on the effect of severe isolated restric- 
tion ot thiamine ; in group 2, on the effect of de- 
ficiency of thiamine on induced hypermetabolism; 
in group 3, on the effect of isolated restriction of 
riboflavin ; and in group 4, on the effect of restric- 
tion of vitamin B complex. The criteria for de- 
termining the degree of vitamin deficiency were 
those used by Williams et al., namely (1) the de- 
pletion of tissue stores of the vitamin (2) the 
biochemical defect as a result of the vitamin 
deficiency (3) the development of polyneuritis. 

Under controlled environmental, postural and 
metabolic conditions, none of the subjects in any 
group showed any degree of vasomotor disturbance 
as evidenced by measurements of skin temperature 
and determinations of rates of cooling and warming. 
Furthermore, skin temperatures of the extremities 
of these individuals measured at the height of the 
state of deficiency and followdng the administra- 
tion of vitamin showed a closer correlation with 
the basal metabolic rate than with the state of 
vitamin deficiency. 

Potassium in metabolism of baker’s yeast. 
Aser Rothstein and Lorraine Haege (intro- 
duced by W. 0. Fenn). Dept, of Biology, and the 
Dept, of Physiology of the School of Medicine and 
Dentistry, Univ. of Rochester, Rochester, N. Y- 
Aerated yeast in buffered medium (0.02 M K 
citrate, pH 5.0) plus dextrose gains 6-7 m.eq. 
per cent (milli-equivalents per 100 cc. of cells) of 
K+ from the medium w'ithin 10 minutes, and loses 
6-7 m.eq. per cent H'*'. In 0.03 M KCl (un- 
buffered) 2-3 m.eq. per cent K'*' and H'*' arc ex- 
changed, and the pH drops to 2. 7-2.8. 

The “initial exchange’’ of K"*" and H+ is the same, 
w'hen available dextrose ranges from 9-SO m.eq. 
per cent, under anaerobic conditions, and with 
alcohol as substrate. When less tlian 35-40 m.eq. 
per cent sugar is available, a reverse exchange 
(K!+ out; H+ in) follow's the “initial exchange.” 
When more than 40 m.eq. per cent sugar is avail- 
able the exchange of K+ and H'*' continues at a 
lower rate, but in the same direction as initially; 
until all the sugar has disappeared. With 60 m.eq. 
per cent available sugar (maximum used) 16 m.eq. 
per cent K+ is accumulated by the cells. One 
quarter of the available sugar is converted to re- 
serve CHO and the mols of K+ retained by t ic 
cells equals mols of dextrose converted to reserve 

CHO. 

Anaerobic y’east forms half as much reserve o 
and only half as much K"*" is retained. I'ive-tcn 
thousandths U NaNj or 0.001 U 2:4 dinitrophenoi 
prevent formation of reserve CHO and also pre 
vent e.xchange of K"^ and ID. .Starving jc.asl ‘ c 
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pletes reserve CHO and one mol of K'^ is lost and 
one mol of H+ gained for every mol of CHO used 
(in terms of dextrose). 

Measured changes in distribution of phosphate 
within the cell, which accompany metabolism, can 
account for only a small fraction of clianges in 
K'*". The “initial exchange” is probably asso- 
ciated within production of an acid during the 
breakdown of sugar. 

The relation of area 13 of the orbital surface of 
the frontal lobes to hyperactivity and hyperphagia 
in monkeys. T. C. Ruch and H. A. Shenkix. 
(Charles H. Frazier Travelling Fellow 1941-42.) 
(by invitation). Lahy.oJ Physiology, Yale Vniv. 
School of Medicine, Neto Haven, Conn. The pos- 
terior half of the orbital gyrus has recently been 
differentiated physiologically and cytoarehitectur- 
ally, and has been designated area 13 by A. E. 
Walker. This or adjacent regions were ablated in 
a series of 5 monkeys after ligation of the sagittal 
sinus at its anterior end and section of the falx 
cerebri. Initially, random cage activity is sharply 
reduced in variety and quantity as is emotional 
beliavior, and the monkeys appear unaware of the 
enrironment or human presence. From the first 
postoperative day this stage is periodically inter- 
rupted by bouts of slow, methodical pacing which 
steadily increase in rate and duration until such 
pacing is virtually incessant. Such hyperactivity 
was objectively recorded. It persists for months. 
Control experiments were 1, ligation of the sinus, 
2, blation of the tip of the frontal pole and 3, 
ligation of the sinus and ablation of the neighboring 
gyrus rectus. Area 13 lesions were without effect 
on food intake, Oj consumption and the rate of 
carmine passage through the G-I tract. The im- 
mediate onset, the intensity and the persistence of 
hyperactivity indicates that area 13 is of especial 
importance in the production of hyperactivity. 
[Aided by a grant from the Fluid Research Fund, 
Yale University School of Medicine.] 

The effect of temperature on muscular latency- 
relaxation. AnEXANDER Saxdow and A. G. 
Karczjiar (introduced by Harry A. Cbaripper). 
Washington Square College of Arts and Science. 
The following aspects of the latency-relaxation of 
the frog sartorius have been measured over the 
range, 10°-40°C. ; Lji, the time from stimulation 
to the beginning of the relaxation; Lt, a similar 
interval to the first sign of tension development ; 
and R, the magnitude of the relaxation. The L’s 
vary inversely with temperature. Typical values 
at the extremes of the range are: Lr, 2.5 and 1.2 
ms.; Lt, 3.9 and 1.5 ms. R first incre.ases with 
temperature up to nlx>ut 22-24'C.; it then falls 
at higher temperatures until at 40° it is but a few 
per cent of the nuiximum value. The ma.ximiim of 
R oceans at about the mme temperature ns that at 
wiiich there normally occurs a minimum of the 


isometric tension. If a muscle that lias been kept 
at 40° for several minutes is then returned to a 
lower temperature (25°), the values of the L’s 
tend to take on the values characteristic of the 
lower temperature, but the value of R is only par- 
tially restored. 

These results indicate the presence of three 
processes during the latent period: (1), an initial 
process without mechanical effect that leads 
into (2), a process that causes the relaxa- 
tion, and (3), the tension producing process. The 
temperature variation of R suggests that the re- 
laxation process is subject to a reversible tem- 
perature inactivation, and this indicates that an 
enzyme, probably adenosinetriphosphatase, is con- 
nected with the process. [A ided in part by a grant 
from the Penrose Fund of the American Philosophi- 
cal Society.] 

Latency-relaxation in veratrinized muscle. 
Alexander Sandow and A. G. ICarczmar (intro- 
duced by Harry A. Cbaripper). Washington 
Square College of Arts and Science. The latency 
responses have been studied in frogsartoriiat 22°C, 
when subjected to an activity routine that includes 
first a series of maximal twitches at one minute 
intervals, then at ten minute intervals, and finally 
a series of one second twitch-pairs at ten minute 
intervals. Each of the twitch pairs consists of two 
successive maximal twitches separated by a one 
second interval. Each muscle is studied after 
first soaking in normal Ringer’s solution, and then 
after 1 hours soaking in a Ringer-veratrine solu- 
tion, whose veratrine concentration has been 
varied from 5xI0~* to 5x10"'. 

The latency behavior of the first twitch of a 
veratrinized muscle is normal both in its time 
relations and the magnitude of its rela.xation (R), 
even though the isometric tension output shows the 
usual veratrine potentiation, double peak, and pro- 
longed post-contractile relaxation. Veratrine af- 
fects the latency behavior only if the muscle has 
been just previously activated, and then, in gen- 
eral, the effect is only to reduce R; the time rela- 
tions for the beginning of rela.xation and for the 
tension development during the latent period are 
unclianged. The veratrine effect on R is most 
pronounced, the closer is the test twitch to the 
conditioning activity. In general the effect of 
veratrine seems to be directly proportional to the 
log of its concentration. These results indicate 
tlrat in some respects the effects of veratrine on 
latency-relaxation and on post-contractile-relaxa- 
tion are similar. Further testa are in progress to 
critically tost this, at present, tentotive conclu- 
sion. [Aided in part by a grant from the Penrose 
Fund of the American Philosophical Society.] 

Studies on the mechanism of cobalt polycythe- 
mia. Qciston D. ScHunvErti. (by invitation), 
I. Robert Wood (by invitation) and Chahles 
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0. Wahren. Depts. of Anatomy and Physiology, 
Cornell Univ. Medical College, New York City. 
Cobalt polycythemia was produced in 15 normal 
adult rabbits by the daily subcutaneous injection 
of 7 mgm. of cobalt as cobaltous sulfate and 3 mgm. 
of manganese as manganous chloride for an average 
period of 25 days. The initial hemoglobin level 
averaged 10.7 gms. and increased to 14.7 grams 
with a corresponding average increase in red blood 
cells from 5.1 Million to 7.7 Million. 

Three possible mechanisms of the cobalt effect 
were investigated: 1. Neural mechanism. Cobalt 
administration to animals with a denervated hind 
limb produced tibial marrow in the denervated 
limb identical by smear counts, degree of hyper- 
plasia, and respiration and glycolysis studies to 
that of the opposite undenervated limb. In con- 
trast to Davis’s concept of a local neural mechan- 
ism, (J. Pharmacol, and exper. Therap. 70 : 408, 
1940) this evidence indicates that the peripheral 
innervation of the marrow plays no role in the proc- 
ess. 

2. Histological changes in the marrow blood ves- 
sels. No structural changes in the marrow blood 
vessels comparable to those observed in polycy- 
themia vera (Reznikoff, Foote and Bethea, Am. J. 
Med. Sci. 189: 753, 1935) were found. 

3. Chemical depression of bone marrow respira- 
tion and glycolysis. The respiration and glycoly- 
sis of cobalt polycythemic marrow were unaltered 
in comparison to those of hyperplastic marrows 
produced by other means. Furthermore, in vitro 
addition of cobalt to normal marrow caused no 
significant change in respiration or glycolysis. 
[Aided by a grant from the John and Mary R. 
Marklc Foiindation.] 

Post-operative hemoglobin and plasma protein 
values. Benjamin White Seaman (by invita- 
tion) and Eric Ponder. The Nassau Hospital, 
Mineola, N. Y. After major surgical procedures 
in man, the post-operative fall in hemoglobin con- 
centration follows a regular curvilinear course over 
a period of from 2 to 4 days when complications are 
absent, but the extent of the fall is often much 
greater than would be expected on the basis of the 
amount of blood lost at operation. The explana- 
tion suggested for this is that there is a post- 
operative inhibition of hemapoiesis, although 
changes in vascular volume and even hemolytic 
processes may contribute to the result. 

After partial gastrectomy, partial colon resec- 
tion, and other major surgical procedures, the 
plasma protein concentration falls to a much 
greater extent than would be expected from the 
amount of blood lost at operation. It is suggested 
that this post-operative fall in plasma protein 
concentration is largely due to a disturbance of 
the physiological mechanism which maintains the 
protein concentration in its steady state, and that 


this disturbance bears a relation to the inhibition 
of hemapoiesis which occurs at about the same 
time. Meanwhile, we suppose that these effects 
follow on tissue damage, and there is a certain 
amount of indirect evidence to support this belief. 

The isolated head of the young animal as a 
test preparation for studying the periodic dis- 
charges of the respiratory center. W. A. Selle. 
Dept, of Physiology, Univ. of Texas, School of 
Medicine, Galveston. It was previously reported 
that the respiratory center of the young animal is 
much more resistant to anoxia than is that of the 
adult and that survival of gasping of the isolated 
ischemic head is inversely proportional to age for 
animals up to or slightly past the period of weaning. 

The present study indicates that the isolated 
head of a young animal, such as the rat, can be 
used successfully as a test preparation for studying 
the effect of drugs on the periodic discharge of the 
respiratory center. Using a technique previously 
described, a large number of chemical agents (92), 
varying widely in composition and action, were 
injecte dsubcutaneously or intraperitoneallyintol2 
to 15 day old rats. In case of volatile agents, the 
animals were subjected to the vapors in anaesthe- 
tizing chambers . Following intervals ranging from 
three minutes to several hours, or even days, de- 
pending upon the rapidity of action of the test 
material, the head was quickly isolated. The 
gasps resulting were mechanically recorded; in 
some instances action currents of the brain stem 
were also recorded. Most of the drugs tried had 
little or no effect on the nature or character of the 
gasping pattern or on the total duration of gasping. 
The following agents, however, definitely reduced 
the survival time of the center: iodoacetic acid, 
thyroxin, dinitrophenol, ether, chloroform and 
hypnotics of the barbituric acid series. In proper 
dosage the following prolonged survival : morphine, 
alcohol, urethane, and cyclopropane. Several 
preparations of chloralose were very effective m 
increasing survival ; others were ineffective. 

The pathology of desoxycorticosterone over- 
dosage in various species. Hans Selye and C. E. 
Hall (by invitation). Dept, of Anatomy, McGill 
Univ., Montreal, Canada. The characteristic mor- 
phological and functional changes caused by over- 
dosage with desoxycorticosterone acetate (D.C.A-)) 
asjmthetic corticoid hormone, have been studied in 
the dog, monkey and rat. It has been found that 
none of these species develop any marked degree o 
water retention or tissue edema even if enormous 
doses arc given (40 mg /day for small dogs or mon 
keysandlOmg./dayfor the r.at) over a period Qt 
several weeks or months. Even simultaneous tre.a 
ment with large doses of NaCl failed to cause s^- 
nificant water retention in any of tlicsc species. ^ n 
the other hand, severe motor disturbances v iic > 
may progress to complete paralysis and death, rc.si 
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in all these species if KaCl is administered follow- 
ing pretreatment with such high doses of D.C.A. 
Withdrawal of the NaCl causes the motor disturb- 
ances to disappear in spite of continued D.C.A. 
administration. The possibility of correlations 
between these motor disturbances and the anes- 
thetic effect of D.C.A. and other steroids has been 
emphasized. 

The kidneys showed varying degrees of tubular 
hypertrophy and glomerular sclerosis, while the 
adrenal cortex and medulla exhibited signs of 
marked involution in the D.C.A. treated animals. 
[Work performed during the tenure of a Canadian 
National Research Council Studentship.] 

Improved peripheral resistance for the circula- 
tion schema. Hekbebt Shapiho. Dept, of Phys- 
iology,- Hahnemann Medical College, Philadelphia. 
In the Schema of the Circulation described in de- 
tail in Bard-Macleod’s Physiology in Modern Medi- 
cine (p. 412, 9th ed., 1941) the “peripheral resist- 
ance" takes the form of 5 glass tube outlets packed 
with heavy pipe cleaner wicks. Four of these are 
adjusted for an outflow of 2 drops per second, the 
fifth for 1 drop per second. These wicks have 
certain disadvantages, of which the most impor- 
tant are (1) they cannot all easily be made of the 
same value of resistance (2) time is wasted in 
adjusting each tube until it has the proper resist- 
ance (3) during the experiment the value of the 
resistance may vary, owing to swelling of the wicks. 
By repkcing the wicks with Pyrex capillary tubing 
(bore 0.3 mm), these disadvantages may be cir- 
cumvented. Four of these capillaries are cut to a 
length of 19 mm, and the fifth is 38 mm long. 
As used in the physiology course in this laboratory, 
the capillaries have proven entirely satisfactory in 
saving the student’s time, and facilitating the use 
of the schema by providing resistances whose 
values arc maintained at a constant level. It is 
also easier to observe the flow directly from the 
outlet. The amount of clogging encountered is 
small. 

A new method for determining relative tension 
and resilience of human muscles. 3M. L. Silver 
(by invitation), George B. Bean (by invitation) 
and Artiior H. Steinhatjs. George Williams 
College Laboratory for Physiologic Research in 
Physical Education , Chicago. Although employing 
electrical equipment, this method does not require 
recording of muscle potentials. Our apparatus 
employs the same principle as docs the stimulator- 
vibrator described by Brown and Yaeorzynski 
(Arch. Neurol, and Psych. 47: S13, 1942). 

A disc of 1 sq. cm. area, firmly attached to the 
end of an arm that vibrates in the field of an elec- 
tromagnet, rests with a known weight on the skin 
over a muscle. The electromagnet, from a com- 
]v\ct Utah loudspeaker unit, is driven by a sine- 
wave generator witli sufficient power to produce 


maximum deflection at frequencies from 1 to 1,000 
cycles per second. The amplitude of excursion of 
the vibrating head is controlled by a potentiometer 
in the output circuit of the generator, and permits 
lateral movements up to 2 mms, udth a sensitivity 
of 1 m 

The actual amplitude of excursion of the vibrat- 
ing head under varying conditions is determined 
from the voltage generated by torsion of a piezo- 
crystal (standard phonograph crj’’Stal cartridge, 
Shure Bros, type 42A) connected through an 
aluminum bar to the vibrating head. This voltage 
is amplified and applied to a standard output 
meter that has been calibrated in microns by 
stroboscopic observation of the vibrating head. 

In an experiment, the driving power of the mag- 
netic unit remains constant. The frequency of 
vibration is gradually increased while the ampli- 
tude of excursion is observed on the output meter. 
The frequenc 3 ' at the point of maximum excursion 
is taken to be the frequency at which the 
muscle is in resonance with the applied vibration, 
i.e., the resonant frequency, and as such is indicative 
of its tension. The amplitude of movement of the 
vibrating head is taken as a measure of the muscle 
resilience. 

Some observations on tension and resilience in 
stretched and contracted human muscles. M. L. 
Silver (by invitation), Albert Kelso (by invi- 
tation) and Arthur H. Steinhaus. George Wil- 
liams College Lahy. for Physiologic Research 
in Physical Education, Chicago. Emplojdng the 
resonant frequencj' method previously' described, 
a series of observations on the biceps brachii of 
five normal adult subjects indicates an average 
resonant vibration frequency of 126 ± 2 cycles per 
second for the relaxed muscle. During passive 
stretching this was increased to lS5/sec, in incre- 
ments roughly proportional to the weights used to 
produce strength. During active contraction the 
resonant vibration frequency was increased to 
144/scc. At these resonant frequencies, and with 
a constant driving power, relaxed muscles per- 
mitted the vibrating head to move 94m, passively 
stretched muscles permitted only COm, and actively 
contracted muscles permitted an average move- 
ment of 12Sm. .-tlthough these figures have only 
relative significance, they' indicate tliat increasing 
muscle tension, no matter wluit its cause, increases 
its resonant frequency. And tkat when the in- 
increased tension is due to passive stretching, the 
resilience of the muscle is reduced (av. 38%) 
whereas when tension is due to contraction the 
resilience is increased (av. 3G%). This latter 
observation, the only one that is unexpected from a 
purely' physical standpoint, is taken to reflect 
some change in the colloidal state of the contracting 
muscle. 

If resilience, as experimentally defined above, is 
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the equivalent of the elasticity coefficient de- 
scribed for frog sartorius by Gasser and Hill (Proc. 
Roy. Soc. 9G: series B; 39S, 1924) using purely 
mechanical recording apparatus, then this paper 
confirms their observation that contracting muscle 
is more elastic than resting muscle. 

Effect of temperature on urine and phenolsul- 
phonphthalein excretion of white rats at high 
altitudes. Herbert Silvette. De-pt. of Phar- 
macology, Univ. of Virginia, Charloilesville. 
Groups of 12 white rats in individual urine-me- 
tabolism cages were subjected to a simulated alti- 
tude of 15,000 feet (428 mm. Hg) in a low-pressure 
chamber of 500 liters capacity maintained at a 
constant temperature of 10°, 20° or 30 °C. At the 
start of the 3-hour metabolism period the animals 
(weighing about 250 grams) were injected intra- 
peritoneally with 5 cc. per 100 grams of a solution 
containing 0.2 per cent NaCI and 2 mgm. per cent 
phenolsulphonphthalein, and at the end of the 
period the collected urine was measured and the 
dye concentration determined colorimetrically. 
The following table gives the average 3-hour ex- 
cretion of urine and phenolsulphonphthalein in 
percentages of the injected fluid and dj’’e (36 ani- 
mals in each series ; probable error of averages from 
±0.9 to ±2.8) : 


Temperature 

0 feet 

15,000 feet 

Urine 

P.S.P. 

Urine 

1 P.S.P. 

10“ 

74 

66 

94 

65 

20° 

54 

64 

SO 

70 

30° 

42 

55 

74 

61 


It will be seen that, regardless of the temperature 
employed, the animals reacted to 15,000 feet 
equivalent altitude with polj'uria, which was fur- 
ther increased by cold but decreased by warmth. 
The fact that the simultaneous excretion of phe- 
nolsulphonphthalein was not significantly affected 
appears to be an indication that, in the slight de- 
gree of renal anoxia produced by 3-hour exposure 
to an altitude of 15,000 feet, the secretory function 
of the renal tubule remained unaffected, while the 
reabsorptive faculty of the tubule cells was par- 
tiallj' inhibited, thus leading to polyuria with 
normal dye excretion. [This investigation has been 
made with the assistance of a grant from the Com- 
mittee on Therapeutic Research, Council on Phar- 
macy and Chemistry, American Medical Associa- 
tion.] 

The influence of muscular work and fatigue on 
the state of the central nervous system. Erxst 
Simonson, Norbert Enzer (by invitation) and 
Roy Benton (by invitation). Research Lahy. 
of Mt. Sinai Hospital and the Northwestern 
Mutual Life Insurance Company, Milwaukee, IF/s. 
The fusion frequency of flicker, which earlier in- 


vestigations liave revealed to be a sensitive index 
of the state of the central nervous system in rari- 
ous physiological and pathological conditions, was 
investigated in 54 normal subjects (29 men, 25 
women) between IS and 40 years, before and after 
four different types of exercise of increasing seve- 
rity (static exercise, 30 genuflexions, pulley exer- 
cise for three minutes or until fatigue, running 
until fatigue). Each exercise produced definite 
deviations of the fusion frequency. The majority 
of normal people (85 and 90%) respond with an 
increase of the fusion frequency after static exer- 
cise and 30 genuflexions, and vutb a decrease (96 
per cent) after running. The different response 
between moderate and hard exercise is statistically 
highly significant. After pulley exercise, about 
40 per cent of the subjects respond with both in- 
crease and decrease. The magnitude and the 
duration of the depression corresponds to the se- 
verity of exercise. These results may explain 
the depressing effect on the state of the central 
nervous system of physical fatigue after severe 
muscular exercise, and the stimulating effect of 
short, moderate exercise. The endurance of 
women in static exercise, pulley exercise, and run- 
ning is significantly lower than that of men, while 
there is no significant difference in the reaction of 
the fusion frequency of flicker. The response of 
the fusion frequency of women after an equal 
amount of work (30 genuflexions) appears to be less 
than that of men. 

A fifth cranial nerve projection to the cerebel- 
lum. Ray S. Snider (introduced by Philip Bard). 
Dept, of Physiology, the Johns Hopkins Unic. 
School of Medicine, Baltimore, Md. Surface posi- 
tive potentials were recorded from the cerebellum 
of the cat when (1) branches of the fifth nerve 
were stimulated electrically and (2) when liairs, 
located in the field of distribution of the fifth 
nerve, were lightly activated by a mechanically 
vibrating artist’s brush. Tactile stimulation b) 
the latter procedure gave well localized potentials 
in the postero-medial part of the anterior lobe and 
anterior two folia of the lobulus simplex. The 
latency of the responses was 10-14 msec. Thc> 
were predominately ipsilateral and were abolishe 
by unilateral section of the fifth nerve. Oew- 
sionally, similar potentials were recorded froni t ic 
ipsilateral paramedian lobule and medial folia o 
Crus I and Crus II. 

With electrical stimulation of the major branc ics 
of the fifth nerve, it was not possible to obtain 
exudence of localization in the anterior lobe, re 
spouses were recorded in the culmen, I. centra i») 

I. simplex, tuber vermis, pyramis, and ansopara^ 
median lobule. Ipsilateral responses were al«-a}^ 
larger and easier to elicit than contralateral onc^^ 
The latencies average 2 msec, shorter tlrnn t 
obtained by' tactile stimulation. 
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Factors affecting the survival time of isolated 
frog muscle. C. R. Spealman. Dept, of Physi- 
ology, Medical College of Virginia, Richmond. 
A preliminary study of factors affecting the sur- 
vival time of isolated frog mtiscle under the non- 
sterile and otherwise unphysiologic conditions 
which prevail in ordinary laborotory practice was 
made. Two types of preparation were used: the 
frog heart, perfused by way of the sinus venosus, 
and the sartorius muscle, maintained in a shallow, 
frequently-changed bath of Ringer’s solution. 
The effect of modifying the composition of Ringer’s 
solution, of the addition of Mg, phosphate, glucose, 
creatine, and lactic acid either singly or in com- 
bination, of varying the work output of the heart, 
and of temperature were studied. The endpoint 
of survival in the case of the sartorius muscle was 
complete inexcitability to electrical stimulation. 
With the heart, the appearance of persistent block 
and (in separate e.vperiments) the rate of decrease 
in amplitude of contraction (heart clectricallj’ 
driven) were used as indicators of the survival 
time. 

Several modifications of Ringer’s solution did 
not influence the survival time of the frog sartorius 
muscle. The heart generally survived in good 
functional condition longer when Mg ion was 
added to Ringer's solution; further addition of 
phospliate seemed to be beneficial. The other 
modifications of Ringer's solution which were 
tested were without effect or were deleterious; 
work output did not appear to be an important 
factor. 'Total survival time of the sartorius muscle 
and the time of survival of the heart in good func- 
tional condition were considerably decreased as 
the temperature increased. 

Galvanic and faradic stimulation of the laby- 
rinth (site of action and meclianism). E. A. 
Spiegel and N. P. Scala (by invitation). Dcpl. 
of Experimental Neurology, Temple XJniv. Medical 
School, Philadelphia, Pa. On electric stimula- 
tion of the vestibular apparatus (monaural or 
binaural stimulation) typical responses are still 
obtained after destruction of the peripheral sense 
organ, while intracranial section of the 8th nerve 
prevents such reactions. It is concluded that the 
electric stimulus acts upon the peripheral neuron. 
Faradic stimulation of the vestibular nerve, while 
unable to elicit definite nystagmus, may produce a 
one-phasic reflex response such ns a rotation of the 
head to the opposite side (contralateral ceplialogy- 
ric reaction). Thu.s the doctrine of uncxcimbility 
of the vestibular nerve by faradic current cannot 
be maintained. The chronaxic of the vestibular 
nerve was determined, the contralateral ccpbalo- 
pyric reaction serving ns criterion (liminal re- 
sponse); values from 0.9-1 .8 milliampercs were 
obtained. In an attempt tonscertain the mecb.an- 
ism of the inverse cffcct.s of anodic and cathodic 


stimulation no evidence could be obtained indi- 
cating that this phenomenon is due to quantitative 
differences in the action of the twp poles upon two 
antagonistic sets of vestibuhir fibers. A depressor 
action of the anode upon the receptors of the semi- 
circular canals could also be excluded. However, 
a depressor action of the anode limited to tonic 
labyrinthine impulses could be observed which 
may be responsible for the inverse effect of anodic 
and cathodic stimulation. 

Anticonvulsant effects of desoxycorticosterone, 
testosterone and progesterone. E. Spiegel. 
Dept, of Experimental Neurology, Temple Univ. 
School of Medicine, Philadelphia, Pa. Continuing 
studies with Wycis on hypercholesteremia, it n-as 
ascertained whether steroids influence the con- 
vulsive reactivity. This was expected in view of 
the influence of deso.xy corticosterone upon cellular 
permeability, and Selye’s observation of anesthetic 
effects. While e.vperiments on rabbits (with Silver- 
stein) were negative, an increase of the convulsion- 
threshold on electric stimulation with the skull 
intact and/or a diminution of the duration of the 
seizures was observed in white female rats of about 
100 grams on intraperitoneal injection of 24-33 
mgm. desoxycorticosterone acetate (5mgm. per ce. 
sesame oil) or with 2.5-4.0 mgm. of more concen- 
trated solutions (15 mgm. per cc. cod liver oil). 
These changes of convulsive reactivity appeared 
when motility and reactivity to painful stimuli 
were only slightly diminished. The dose produc- 
ing loss of spontaneous movements and eventually 
respiratory failure lies, however, rather close (le- 
thal dose: 4-C mgm. of the concentrated solution 
per 100 grams in females). In male rats much 
higher doses (36 mgm, and more in concentrated 
solution per 100 grams body weight) were necessary 
to reduce the convulsive reactivity. Similar re- 
sults were obtained with progesterone and testos- 
terone. Intraperitoneal injection of 6-7 mgm. 
progesterone (12.5 mgm. per cc. sesame oil) per 
100 grams (female rats) reduced the convulsive 
reactivity; the lethal dose was 0-12 mgm. Using 
testosterone (25 mgm. per cc. sesame oil) the 
anticonvulsant dose was 17-26 mgm. in female 
rats, the lethal dose 20-40 mgm. per 100 grams. 
[.Aided by a grant from the Schcring Corp. through 
the courtesy of Dr. Ed. Henderson.] 

Improvement of muscular co-ordination and 
visual functions by cold hip baths. AnTiicn II. 
Steixuacs and .Albert Kelso (by invitation). 
George Williams College Laby. for Physiologic 
Research in Physical Education, Chicago. Shortly 
after breakfast the subjects (males 17—15 yrs.) 
were put through a .'cries of tests. On experimen- 
tal days the cold hip bath followed immediately. 
About 2} hours later the tests were repeated. 
On controf days tests were given on the .s.anio time 
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schedule without a bath. A total of 37 subjects 
were studied. 

The self-administered hip bath is taken seated 
with feet on a second stool, thighs and legs flexed. 
From a shower head connected by flexible hose to 
a mixing valve, the lower abdomen (umbilicus to 
groin) is sprayed 3-5 minutes with increasingly 
hotter water followed by gradual change to tap 
coldness (45°-65°P.) maintained 5-15 minutes. 
Overall time never e.xceeds 20 minutes. Each 
subject’s comfort dictates extremes of temperature 
and speed of change. Symptoms of slight cramps 
or discomfort terminate the cold period. 

Ninety-seven experimental compared with 87 
control days disclosed improvement of 5 per cent 
in tapping rate and 8.6 per cent and 8.3 per cent in 
two different eye to leg muscle reaction time tests. 
Lateral visual imbalance as determined by Tele- 
binocular Service on 69 experimental and 84 con- 
trol days averaged 11.9 per cent improvement. 
Visual acuity by Telebinocular, left and right eyes 
separately, (160 experimental, 194 control) aver- 
aged 17 per cent improvement. In a smaller 
group (predominately 20-20 vision) tested by 
the Ferree-Rand broken circle modification of the 
Snellen Chart, acuity improved 11.4 per cent. 

his same group showed only 10.2 per cent im- 
provement an the Telebinocular scale. Rate of 
flicker fusion tested by oscilloscope improved 16.2 
per cent, by the Simonson and Enzer rotating disc 
method (48 experimental, 49 control) improved 
9.3 per cent. All of these improvements are 
statistically significant. 

Blood studies on dogs exposed to discontinuous 
anoxia. J. Clifford Sticknev (by invitation) 
and David W. Northup. Dept, of Physiology, 
School of Medicine, West Virginia Univ., Morgan- 
town. After a preliminary control period, 5 dogs 
weighing 7.83 to 11.92 kilograms were exposed for 
8 hours daily (except Sundays) by means of a low 
pressure chamber to a stimulated altitude of 18,000 
feet for a period of 88 days. 

Weekly, during the control and experimental 
periods, the blood specific gravity was determined 
on freshly drawn samples of venous blood by the 
falling drop method of Barbour and Hamilton. 
Hemoglobin was determined by the Sahli method, 
and red blood cell counts were made with the im- 
proved Neubauer counting chamber. At monthly 
intervals plasma protein was determined on 3 of 
the dogs by a modification of the method of Guillau- 
min, Wohl and Laurencin. Red blood cell fragility 
tests were made at the conclusion of the experi- 
mental period. 

The average blood specific gravitj^ increased from 
1.0S69 to 1.0719 during the period of e.xposure to 
discontinuous anoxia. Hemoglobin values in- 
creased 53 per cent while the number of red blood 
cells increased 67 per cent on the average. The 


fragility of the red blood cells was normal ; hemoly- 
sis began at 0.46 and was complete at 0.33 per cent 
NaCl. 

The average plasma protein value decreased from 
6.77 to 6.11 grams prer 100 cc. of plasma, but the 
difference is not statistically significant. In one 
dog there was an increase after the first month 
and a decrease after the third month. In two 
dogs there was a persistent decrease; in but one 
was this statistically significant throughout. 

Mechanism of erythremia following intravenous 
adrenalin in human beings and dogs and in trau- 
matic shock in dogs. Robert D. Taylor (by 
invitation) and Irvine H. Page. Lilly Labora- 
tory for Clinical Research, Indianapolis City Hos- 
pital, Indianapolis, Ind. Shock due to partially 
occluding limb tourniquets (pentobarbital anes- 
thesia) produced 70 per cent less erythremia (rise 
of hematocrit index) than developed in 15 normal 
dogs. This effect of splenectomy was mimicked 
in lesser degree by intravenous infusion of F 933; 
in these as in splenectomized dogs, the decreased 
erythremia was due to elimination of the rise oc- 
curring in the first hour of experiments in normal 
dogs. Similarly, the erythremia of shock due to 
intestinal manipulation was reduced by 50 per 
cent in 10 splenectomized dogs as compared with 
10 controls. 

Prevention of local fluid loss by application of 
plaster limb casts before tightening the tourni- 
quets abolished an}-^ rise in hematocrit in four 
splenectomized dogs and four dogs infused with 
F 933 but not in six normal dogs. 

The differences between normal dogs, and those 
which had been splenectomized or treated with F 
933 are attributed to elimination or inhibition of 
splenic contraction wuth discharge of highly cellu- 
lar blood. Testing this, adrenalin given intra- 
venously to si.x normal dogs and, in much lesser 
degree, in six normal human beings, produced an 
erythremia similar to that occurring initially m 
shock. Adrenalin caused no erythremia in si.v 
splenectomized human beings. 

A large proportion of the erythremia of shock in 
dogs as measured by hematocrit is therefore due 
to splenic discharge of cells rather than to fluid 
loss. The residual erythremia is due to local loss 
of fluid. The concepts of a generalized increased 
capillary permeability or sequestration of plasma 
in shock produced by tourniquets or intestina 
manipulation are not supported. 

Factors influencing the antithromboplaslin con- 
tent of normal and hemophilic plasmas. Leandro 
M. Toc.antins. Division of Hematology, Dept- oj 
Medicine, Jefferson Medical College, Phtladdp 'O- 
Normal plasma separated from blood and rcndcrcf 
“cell free” within 5 minutes of its collection, 
without anticoagulants, remains fluid and retain 
its antithromboplastin activity for several hours- 
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Hemophilic plasma, under similar conditions, has 
remained fluid and maintained its antithrombo- 
plastin activity for 4 days. Antithromboplastin 
in "platelet free” citrated plasma may be detected 
in reduced amounts, or not at all, following: a, 
over-recalcification of the plasma beyond the 
amount required to produce a minimal clotting 
time (under-recalcification exaggerates antithrom- 
boplastin activity) ; b, exposure to a pH below 5 
or above 9; c, filtration through a coarse (Y) 
Berkefeld candle ; d, incubation with 0.1 volume of 
colloidal Mg(OH) 5 ; e, exposure to tissue juices or 
to the products of platelet disintegration. 

Plasma globulin fractions precipitated by dilu- 
tion and acidification display some antithrombo- 
plastin activity, which may be marked if the 
fraction is obtained from hemopliilic plasma, and 
diminished or absent if obtained from heated 
(65° C for S') plasma, or plasma to which a small 
amount of dilute tissue e.xtract has been added. 

Antitbromboplastin is impotent against the 
thromboplastin-like action of dilute solutions of 
Russell viper venom. This maj- explain why the 
venom acts with equal effectiveness on normal and 
hemophilic plasmas. 

Failure to demonstrate vagus fibers in the 
splanchnic nerves in dogs. J. Earl Thomas and 
Bernard J. Alpers (by invitation). Dept. of Phys- 
iology and Neurology, Jefferson Medical College of 
Philadelphia. According to Iwama numerous 
vagus fibers join the sympathetic trunk at the level 
of the inferior cervical ganglion and are ultimately 
distributed via the splanchnic nerves in cats. 
Rasmussen and Duncan (Proc. Soc. Exper. Biol, 
and Med. 23: 794, 1925) were unable to confirm 
Iwnma’s results in cats or rabbits. IVe were led 
to investigate the situation in dogs because of the 
knorni presence in the dog’s splanchnic of choliner- 
gic secretory fibers for the pancreas. The right 
vagus nerve was cut in the neck under aseptic 
condition in 3 dogs and the left vagus in 2 dogs. 
After a lapse of from 14 to 16 days both splanchnic 
nerves and parts of both vagus nerves were excised 
and fixed in 10 per cent formalin. These were 
studied by serial sections b}- means of the Marchi 
stain and the Bodian stain. Sample sections were 
stained by Hematoxjdin Eosin and the Gros- 
Bielschowsky method. All stains were controlled 
by normal nerve tissue from the unoperated vagus 
nerve. In one dog (dog 3) a single axis cylinder in 
the splanchnic nerve on the operated side was 
found to be swollen and bulbous. In another 
animal (dog 1) two such axis cylinders were found. 
These were demonstrated in only one section and 
were not found subsequently. All other splanch- 
nic axis cylinders both in these and other nninutls 
were nonnal. The Marchi slain revealed no evi- 
dence of myelin degeneration. Xo evidence of 


inflammatory change was found in any of the 
specimens. 

The findings were interpreted to indicate that 
there appear to be no fibers contributed by the 
vagus to the splanchnic nerve of the dog. 

The electroencephalogram during mental effort. 
J. E. P. Tosian (introduced by Robert H. Oster). 
Dept, of Physiology, Univ. of Maryland School 
of Medicine, Baltimore. Electroencephalograms 
of 64 medical students were recorded during the 
calculation of an arithmetical progression and dur- 
ing relaxation. Mean percent-time-alpha was 54.4 
at rest and 48.2 during mental effort. The signifi- 
cance of the difference in means could not be es- 
tablished because of the wide scatter in percent- 
time-alpha among individuals. 43 subjects showed 
some decrease, 12 showed some increase, and 9 
showed no change during mental effort. Where 
measured, amplitude of alpha rhythm was reduced 
in 11 subjects, increased in one case, unchanged in 
7 cases. Of 33 subjects who signalled each answer, 
there was no correlation between problem cycle 
and E. E. G. in 31 cases, doubtful correlation in 2 
cases. It is concluded that mental arithmetic is 
not accompanied by marked or consistent changes 
in the electroencephalogram. 

All subjects with good alpha rhythm showed 
typical blocking by dim pattern vision, followed 
in 34 cases by a rebound above normal in ampli- 
tude and regularity of alpha rhythm. Sound, 
particularly air-blast, temporarily blocked the 
alpha rhythm, but only if the subject was unpre- 
pared for the stimulus. In three subjects from 
whom visual flicker potentials were elicited it was 
not found possible to drive the cortical rhythm by 
sound clicks of the same frequency range. [Swp- 
porUd by a grant from the Dressier Alumni Re- 
search Fund.] 

Effect of hormones on the sensitivity of striated 
muscle and on the activity of choline esterase. 
Clara Torda (introduced by Harold G. Wolff). 
Dept, of Medicine (Neurology), Cornell Univ. 
Medical College, New York City. While sex hor- 
mones and some of the hormones secreted by the 
hypophysis do not oontract the striated muscle in 
low concentrations, they may modify the biochemi- 
cal equilibrium of the muscle. An investigation of 
the acetylcholine and potassium sensitivity of the 
rectus abdominis muscle of frog and the activity 
of the choline esterase of brain tissue (method of 
Bemheim and Bernhoim and method of Warburg 
and Ammon) showed tliat Follutein (anterior 
pituitary like sex hormone, Squibb), progestin 
(corpus luteum hormone, Roche-Organon), Es- 
trone Suspension (follicular hormone, Abtett), 
Testosterone Propionate (Schering) and Pitrewin 
(oxytocic principle of the posterior part ■ 
trophysis, Parke-Davis) irotentiate tlie 
of the striated muscle to acety' ’ 
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potassium and depress the activity of choline es- 
terase. Pitocin (anti-diuretic hormone of the 
posterior part of hypophysis, Parke-Davis) does 
not change the sensitivity of the striated muscle 
or the activity of choline esterase. 

These results suggest that the above mentioned 
hormones participate in the maintenance of the 
threshold of excitability of the effector cells. 

Effect of low pressures on the weights of endo- 
crine organs, spleen and kidney in rats. Frank 
J. Tornetta (by invitation), Albert S. Gordon, 
Savino a. D’Angelo (by invitation) and Harry 
A. Charipper. Dept, of Biology, Washington 
Square College of Arts and Science, New York 
Univ., New York City. Forty seven adult male 
rats (210-280 gms.) were exposed to pressures of 
250-280 mm. Hg (25-28,000 ft.) 6 hrs./day for 14- 
18 days. Significant increases in the weights of 
adrenals and decreases in testes, seminal vesicles, 
prostates, thyroids, thymi, and kidneys were 
noted when compared with similar organs in 44 con- 
trol rats. Weights of the pituitary and spleen 
were not affected significantly by this treatment. 
Body weight loss in the experimental animals 
ranged only from about 10 to 15 per cent and was 
not responsible for the endocrine gland weight 
changes. 

Fifty-eight adult male rats were given 18-20 hr./ 
day exposures to the same pressures for 3-12 days. 
Body weight losses in these animals were consider- 
able and ranged from about 15 to 30 per cent despite 
the fact that food was always available. Increases 
in adrenal and decreases in testis weights were also 
observed in this group but they were not as 
marked as those occurring in the discontinuously- 
exposed animals. In the animals given long daily 
exposures, considerably greater decreases were 
noted for thyroid, thymus and kidney ; spleen and 
pituitary also diminished in weight. It is difficult 
to interpret the organ weight changes in the ani- 
mals given these long e.xposures since the effects 
of anoxia are complicated by those of the chronic 
inanition. It would appear that the animal sub- 
jected to low pressures daily for relatively short 
times (6 hrs./day) is better suited for studies of the 
effects of anoxia on endocrine organ activity. 

Some effects of protein-deficient high-fat diet 
upon dogs. Tsan-Wen Li (by invitation), Victor 
H. Hough (by invitation), E. P. Monahan (by 
invitation) and S.mith Freeman. Dept, of Physi- 
ology, Northwestern Univ. Medical School, Chi- 
cago. Seven normal adult dogs were fed 40 cal- 
ories/lb. of a protein-deficient, high-fat diet (lard 
33, sucrose 55, j'east 5, cellophane 5, salt 2, with 10 
drops percomorphum oil per kilogram of diet). 

An additional 5 dogs were kept on an iso-caloric 
diet in which 25 per cent of casein was fed in place 
of sugar. 

The deficient animals lost appetite and weight 


after 3-8 weeks._ They became anemic and devel- 
oped trophic ulcers on extremities . They survived 
12-18 weeks . Three of them were found at autopsy 
to have chronic duodenal ulcers. The control 
animals remained healthy and active throughout 
and were sacrificed after 16 weeks. 

The following determinations were carried out 
every two weeks : phosphatase, total fatty acids 
and cholesterol upon the fasting serum ; also hepatic 
clearance of Rose Bengal . The total fat and choles- 
terol content of livers were determined. The 
following changes were found in the deficient ani- 
mals : 

1. Definite elevation of serum fatty acids (152- 
662 mgm. per cent above initial) and cholesterol 
(30-370 mgm. per cent). 

2. Significant increase in serum phosphatase 
(9.3-82.5 units from initial) and significant drop in 
dye clearance (56-102 per cent). 

3. Some enlargement of liver (ave. 13.0 grams per 
lb. body weight as compared to 11.2 grams in the 
controls). 

4. Increased liver lipids (ave. 18.5 per cent, or 
2.8 grams fat per lb. body, weight as compared to 
6.1 per cent, or 0.7 gram in the controls). 

5. The fat increase in the liver was largely made 
up of neutral fat. 

Effects of added cholesterol on dogs fed with 
protein-deficient, high-fat diet. Tsan-Wen L: 
(by invitation), Victor H. Hough (by invitation), 
E. P. Monahan (by invitation) and Smith Free- 
man. Dept, of Physiology, Northwestern Univ. 
Medical School, Chicago. Eleven dogs were fed a 
protein-deficient, high-fat diet and were treated 
in the same way as in the preceding communication, 
but in addition, cholesterol was administered with 
the food in daily doses of 0.1 gram per lb. of body 
weight. Loss of appetite and weight, development 
of anemia, hypoproteinemia and trophic ulcers and 
the survival period were similar to the animals 
without cholesterol. Six had chronic duoden.!! 
ulcers. 

The effects of added cholesterol upon protein 
defieiency are : 

1. Cholesterol exaggerates the elevation of fatt) 
acid and cholesterol in serum (225-1771 and 172- 
1251 mgm. per cent above initial respectively)- 

2. Maximum alteration of serum phosphatase 
and liver function is not very significantly di * 
ferent. 

3. Cholesterol causes a sharp drop in dj'c c ear 
ance at the end of 2 weeks (lowest, 38 per cent), an 
the change is significant even after 4 days of fee 
ing (88-61 per cent). Usually the clearance m 
creases to a higher sub-normal value later. 

4. Livers were definitely enlarged (average 

grams per lb. body weight). . 

5 The amount of fat deposited was double wi 
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cholesterol feeding (average 25.7 per cent, or 6.2 
grams per lb. body weight) . 

6. Cholesterol in the liver increases propor- 
tionately more and thus it increases cholesterol to 
fat ratio (6.2 per cent). 

Four additional dogs kept on high-fat, complete 
diet (25 per cent casein) with cholesterol were 
sacrificed after 16 weeks. Elevation of serum 
lipoids was much less. The livers were of normal 
size, and with one exception not fatty. There was 
little or no change in the liver function and serum 
phosphatase. 

The effect of anoxia on peristalsis of the small 
intestine. Edward J. Van Libre, David W. 
Nohthdp, J. Clifford Stick.net (by invitation) 
and George A. Emerson (by invitation). Depls. 
oj Physiology and Pharmacology, School of Medi- 
cine, IVest Virginia Univ., Morgantown. The 
intestinal activity of mice was studied by a modifi- 
cation of Macht’s technique. The material placed 
into the stomach consisted of 10 per cent powdered 
cliarcoal and 10 per cent gum acacia in water. Mice 
in groups of five were intubated and ten minutes 
later placed into a low pressure chamber. The 
chamber was constructed to provide adequate ven- 
tilation so there was no accumulation of carbon 
dioxide. 

Twenty mice were subjected to a partial pressure 
of oxygen of 94 mm. Hg; twenty -five to 80 mm. Hg 
and the same number to 48 mm. Hg. These partial 
pressures correspond approximately to altitudes of 
14,000, 18,000 and 30,000 feet respectively. In 
each instance the same number of animals were 
used. The mice were sacrificed at the end of forty 
minutes and the distance the charcoal had tra- 
versed the small intestine was measured. 

Tile intestinal activity as ascertained by this 
method in the mice subjected to a partial pressure 
of 94 mm. Hg showed no significant change from 
that of the controls. Those exposed to a partial 
pressure of SO mm. Hg showed a statistically sig- 
nificant decrease in intestinal activity and those 
exposed to a partial pressure of 48 mm. Hg showed a 
still greater decrease. More severe grades of anoxia 
were not employed. It uns concluded that the 
tlircshold lay between 94 and 80 mm. Hg and that 
the more severe the degree of anoxia the greater 
the decrease in intestinal activitj-. The work is 
being repeated on dogs 

Hydrourcter of pregnancy in the monkey. G 
Van IVagf-nen and Ralfh H Jenkins (by invita- 
tion) . Vale Univ. School of Medicine, Xcw Haven, 
Conn. In an earlier paper it was shown that ure- 
teral dilatation occurs during the later montlrs of 
pregnancy in the rhcsiis monkey just as it docs in 
the human. It is associated primarily with the 
iwescnco of the placenta and persists, or can arise 
oven as late as two months after the removal of the 
fetus if the placenta remains in place and func- 


tional. The dilatation, now, has been studied in 
two to four successive pregnancies beginning with a 
known first pregnancy. It is concluded that, 
although there may be a slight residual increase in 
size of the ureter after one pregnancy, there ap- 
pears to be no definite progressive injury to the 
ureter as a result of repeated gestation per se. 
Further, in the healthy animal the maidmum dila- 
tation occurs in the first pregnancy and there is a 
decrease of dilatation in each succeeding preg- 
nancy. 

Elecfrocortical activity in cats with mesen- 
cephalic transections. V, C. Vaughan, III, and 
A. A. P. Lead (introduced by H. Davis) . Dept, of 
Physiology, Harvard Medical School, Boston, Mass. 
Bremer has reported (1935 and subsequently) that 
cats subjected to transection of the cerebrospinal 
axis at the level of the colliculi have cortical elec- 
trograms characteristic of sleep. Since Bremer’s 
recording technique probably precluded demon- 
stration of the slow (delta) component of the elec- 
troencephalogram of sleep, it seemed worthwhile 
to repeat his experiments, using adequate ampli- 
fiers and an ink-writing oscillograph. We have 
been able to confirm Bremer's description of the 
mesencephalic transection preparation in every 
way, and have also found slow waves along with 
the “spindles” of 14 per sec. waves which he de- 
scribed. Some animals were transected through a 
sub-tentorial approach, leaving the scalp and skull 
intact over the cortex . Records taken through the 
intact scalp and skull showed the same features as 
those obtained directly from the pia and were 
closely similar to those obtained from intact sleep- 
ing cats with the same arrangement of electrodes. 

The mesencephalic transection offers the oppor- 
tunity of studying the electrophysiology of the 
cat cortex after the withdrawal of the ether under 
which the operation is performed, since the section 
itself produces anesthesia. The electrical response 
of the unanesthetized cortex to tetanic stimulation 
is identical with the Ionic-clonic sequence described 
by Rosenblueth and Cannon. 

Treatment of experimental renal hypertension 
with renal extracts containing renin. G. E. 
Wakerlin, C. a. Johnson (by invitation), E. L. 
Smith (by invitation), W. G. Moss (by invitation) 
and J. R. Weir (by invitation). Depts. of Physi- 
ology and Physiological Chemistry, Univ. of Illi- 
nois College of Medicine, Chicago. We liave already 
reported that daily intramuscular injections for 
four months or more of partially purified hog renal 
extract containing renin (in doses of I gram of renal 
cortex equivalent per kgm. of body weight) pro- 
duced striking reductions in tlic blood pres.surcs of 
renal hypertensive dogs, whereas heat-inactivated 
hog renin in 1 gram doses were without antihv-por- 
tensive effects. There is continually increasing 
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evidence that these therapeutic effects are not due 
to antirenin. 

We are now completing studies of the therapeutic 
effects of highly purified hog renin in 1 and 3 gram 
doses, partially purified heat-inactivated hog renin 
in 3 gram doses, partially purified dog renin in 3 
gram doses and partially purified liver extract 
prepared after the manner of renin in 3 gram doses. 
The results suggest that the therapeutic effects of 
hog renal extracts containing renin are not due to 
renin but to some other substance or substances 
in the extracts, inasmuch as highly purified hog 
renin is less effective therapeutically than par- 
tially purified hog renin. The results confirm the 
ineffectiveness of partially purified dog renin. 
They suggest that the antipressor substance is 
partially heat-stable, inasmuch as heat-inactivated 
hog renin in 3 gram doses was moderately anti- 
hypertensive. The results also suggest that the 
therapeutic effects are specific for kidney since hog 
liver extract was ineffective. Work is in progress 
to clarify further the mechanisms involved, in- 
cluding the heterologous factor in the effectiveness 
of the renal extracts. 

Treatment of spontaneous hypertension in the 
dog with hog renal extract containing renin. G. 
E. Wakeelin, C. a. Johnson (by invitation) and 
B. Gombeeg (by invitation). Depts. of Physiol- 
ogy and Physiological Chemistry, Univ. of Illinois 
College of Medicine, Chicago. Direct mean, fem- 
oral artery blood pressure measurements on 200 
comparatively young dogs revealed two moderately 
hypertensive animals. Sphygmomanometry on 
ilder dogs may show a higher incidence of hyper- 
tension. 

During a control period of four months the blood 
pressures of one hypertensive dog ranged from 
140-180 mm. Hg (average, 164) and those of the 
other animal from 130-170 mm. Hg (average, 148). 
The first dog was then injected intramuscularly 
with partially purified hog renal extract containing 
renin in a dose of 1 gram of fresh kidney cortex 
equivalent per Kg. of body weight daily for four 
months. There was a gradual decrease in blood 
pressure during treatment to 110-140 mm. Hg (av- 
erage, 130). During the first three months follow- 
ing treatment the blood pressure gradually 
returned to the pretreatment hypertensive level of 
140-170 mm. Hg (average, 152), where the pres- 
sures have remained for an additional six months. 
The second dog received the same treatment, ex- 
cept in a dose of 2 grams of renal cortex equivalent. 
The blood pressure gradually fell during therapy 
to 120-140 mm. Hg (average, 120). During the 
four months following therapy the pressures gradu- 
ally returned to 140-160 mm. Hg (average, 154) 
where they have remained for two additional 
months. 

No toxic effects were detected. Urinalyses, 


blood urea nitrogens, appetites, body weights, and 
general clinical conditions remained normal. 

The results suggest that spontaneous (essential?) 
hypertension in the dog responds to partially puri- 
fied hog renin similarly to experimental renal 
hypertension in this species. 

Cortical auditory areas of the monkey as deter- 
mined by electrical excitation of nerve fibers in 
the osseous spiral lamina and by click stimula- 
tion, Edwaed M. WaIiZL (by invitation) and 
Clinton N. Woolsey. Olological Research Laly, 
and Dept, of Physiology, Johns Hopkins 
Univ., School of Medicine, Baltimore. The type 
of study described for cat (Woolsey and Walzl, 
1941; Bull. Johns Hopk. Hosp., Dec. 1942) has 
been extended to monkey. Single condenser 
discharges were delivered through fine wire elec- 
trodes to nerve fibers at the dissected edge of the 
osseous spiral lamina. Amplified contralateral 
and ipsilateral cortical responses were visualized 
oscillographically and photographed. The inferior 
and the superior banks of the Sylvian fissure were 
examined in opposite hemispheres. Finally, the 
auditory area was determined by click stimulation 
of the intact ear. 

Both methods revealed that the auditory area 
occupies most of the inferior Sylvian bank from its 
caudal end to a level 4 to 6 mm. rostral to the caudal 
limit of the insula. Usually the area extends 
everywhere to within 1 mm. of the lip.of the Syl- 
vian fissure, while caudally it may spread over the 
lateral surface as far as the superior temporal sul- 
cus . The area traverses the bottom of the posterior 
Sylvian fissure and extends for about 3 mm. onto 
the superior Sylvian bank posterior to the insula. 
The ape.x projects to the most rostral part, the 
middle turn to the region lateral to the posterior 
end of the insula and the basal coil to the remainder 
of the area. The evidence is insufficient to permit 
a statement regarding a "secondary” auditory 
area such as we have just described for the c.at. 
However, the results indicate that the general de- 
ductions made (loc. cit.) regarding the homologies 
of the Sylvian fossa are valid. 

Ischemia and possible toxic factors in shock. 
Feank Waenee (introduced by L. B. Nice). Chi- 
cago Medical School. In 8 experiments with dogs 
“A” under ether anesthesia, the left hind limbs 
were traumatized by striking them 50 times with an 
iron pipe. These dogs went into shock ■within 2 to 
6 hours ■ndth a great fall in blood pressure, hemo 
concentration and swelling in the traumatize 

limbs. • I • t 

A tourniquet ■was applied to these limbs jns^ 

distal to the femur socket, excluding the 
and vein which ■were clamped and cannu a c( 
The traumatized leg of each was amputa c(t 
■weighed, and connected by rubber tubing to 
central end of the cannulated femoral artery an 
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-vein o£ the tourniqueted left Mud limb of dogs 
“B” respectively; thus the blood of dog “B” per- 
fused through the isolated leg of “A” and returned 
via the veins to “B” also under ether. Heparin 
Tvas injected to prevent clotting. During the 14 
to 29 minutes necessary to make connections the 
isolated limb was completely ischaemic. Blood 
pressure was recorded from a carotid artery. 

A similar series of experiments was carried out 
without traumatizing the leg of dogs "A”, but 
shock occurred in “B” in all these transfused cases. 
On reweighing the isolated limbs there was not a 
sufficient increase in weight to account for shock 
with great lowering in blood pressure and hemo- 
concentration in dog “B”. 

The ischaemia produced in the amputation of a 
traumatized or untraumatized leg may have caused 
toxic substances to form that were factors which 
helped cause the fall of blood pressure to shock 
levels. 

The effect of potassium arsenite (Fowler’s solu- 
tion) on the respiration and glycolysis of normal 
and leukemic cells, with observations on the 
action of "synthetic vitamin K”, menadione (2- 
methyl-1, d-naphthoquinone). Charles O. War- 
ren. Depts. of Anatomy and Physiology, Cornell 
Univ. Medical College, New York City. Potas- 
sium arsenite, sometimes used clinically in the 
treatment of leukemia, depresses the respiration 
of normal and human bone marrow and human 
leukemic leukocytes to much the same extent. 
In these tissues, this is accompanied by an accu- 
mulation of lactic acid in contrast to the koto acid 
accumulation in liver and other tissues. An effort 
was made to find a substance which would protect 
normal but not leukemic cells from the action of 
arsenite. Menadione increases normal marrow 
respiration, decreases aerobic glycolysis and under 
selected conditions completely counteracts the 
effects of arsenite, at least for several hours. This 
“protective” action does not apply to liver or ap- 
parently to other tissues not normally exhibiting 
aerobic glycolysis. Mouse myeloid and lymphatic 
leukemia cells arc not protected as well as normal 
rabbit bone marrow; human leukemic leucocytes 
were intermediate in this respect in a small series 
of cases. Neither succinate, citrate nor pyruvate 
overcomes the arsenite effect on marrow. Thion- 
ine and methylene blue, which have oxidation- 
reduction potentials similar to tltat of menadione, 
also partially counteract the arsenite effect on 
marrow. Menadione reacts with sulfhydryl groups 
(see abstract of Summerson) ; phthiocol docs not 
and has no protective effect against arsenite. It 
remains to be determined whether the in vitro 
“protective” effects described here arc applicable 
in the intact organism. [Aided by a grant from the 
John and Mary P. Mnrklc Foundation.] 

Effcct.s of anoxia and hypoglycemia on the level 


of free acetylcholine in the cerebral cortex of the 
rat. J. H. Welsh (introduced by F. L. Hisaw), 
Biological Laboratories, Harvard Univ. Quastel 
et al. (1936) demonstrated that oxygen and glucose 
are important for the in vitro synthesis of acetyl- 
choline (ACh) by brain slices. Macintosh (1939) 
failed, however, to find a significant decrease in 
total ACh in the brains of mice killed in insulin 
convulsions. Likewise, Cortell, Feldman and 
Gellhorn (1941) concluded that anoxia and insulin 
hypoglycemia had no effect on tire ACh content 
of the rabbit brain. 

By extracting the free ACh, using cold, eserine- 
Ringer’s solution, and by assay on two sensitive 
test preparations (isolated frog heart and Venus 
heart), it has been jxrssible to demonstrate a 
marked effect of low barometric pressure and of 
insulin hypoglycemia on the cerebral cortex of the 
rat. Average values for free ACh in the normal 
rat were found to range between 0.26 and 0.6S 
ganuna/gram of cortex in different series, employ- 
ing different methods of extraction and assay. 
Subjecting rats to low barometric pressure for 1-2 
hours produced a 40-50 per cent decrease in free 
ACh. A decrease was prevented by previous ad- 
ministration of prostigmine. Rats killed in in- 
sulin convulsions showed a loss in free ACh of 
50-60 per cent. 

Since other investigators have found the effects 
of hypoglycemia and anoxia on the electroencepha- 
logram to be just the reverse of those produced by 
ACh, after an anti-cholinesterase, it is suggested 
that the well-known actions of low O 2 and glucose 
on the central nervous system are due, at least in 
part, to a decrease in the normal levels of ACh. 

Parenteral use of aminoacids and gastrointesti- 
nal motility. K. Weston (by invitation), M. J. 
Oppenheimer, N. Learner (by invitation) and 
H. Stauffer (by- invitation). Temple Univ., 
School of Medicine, Philadelphia, Pa. Parenteral 
use of casein hydrolysates in postoperative gastro- 
intestinal surgery is increasing. Effects of intra- 
venous aminoacids (Amigcn, Mead Johnson) upon 
gastrointestinal motility of trained dogs and others 
anesthetized with morphine or pentothal-barbital, 
and of hospital patients (admitted for other than 
gastrointestinal complaints) were studied during 
slow (10-20 mgm/kgm/min) and fast (100-130 
mgm/kgm/min or above) rates of injection. Bal- 
loon methods of recording were used. 

Anesthetized dogs : Intestine (duodenum) tonus 
and amplitude unclianged during slow, both de- 
creased during rapid injection. Duration of effects 
is short. 

Trained Thiry-Vclla and Bicbl loop dogs; Motil- 
ity (ileum) unclianged during slow injection. 
During fast infusion a period of preliminary stimu- 
lation is followed by one of longer inhibition. 

Trained Pavlov gastric fistula dogs: Slow injee- 
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tion lowers tonus but does not influence hunger 
contractions. Emesis occurs with fast rates of 
injection. 

Patients : Rapid injections produce abrupt de- 
creases in tonus and disappearance of contractions. 
Latent periods and duration of effects are both 
short (minutes). Inhibition confirmed by X-ray, 
but was not always correlated with subjective 
symptoms. Inhibition occurred with blood levels 
as low as 6-7 mgm. aminoacid nitrogen /lOO cc 
plasma; emesis at 11 mgm. 

In dogs (trained or anesthetized) blood levels 
up to 10 mgm produced no changes in motility. 
Changes in blood pressure and respiration, pH, and 
volumes of injection were controlled in this study. 

Antagonistic action of sensory stimulation to 
anesthetization. G. C. Wickwire (introduced 
by W. E. Burge). Dept, of Physiology, Univ. of 
Illinois, Urbana. Twenty-eight rabbits were each 
injected intravenously with 0.45 cc. of nembutal 
per kilogram of body weight. Fourteen of these 
rabbits were stimulated during the period of anes- 
thetization with mild induction shocks from an 
inductorium by attaching one electrode to the hind 
leg and another to the ear. The time of recovery 
from the anesthetic in the stimulated and non- 
stimulated animals was noted. The animal was 
considered recovered from the anesthetic as soon 
as it could stand and walk. 

The average recovery time of the unstimulated 
rabbits was 78 minutes while that of the stimulated 
group was 46 minutes, or a decrease of 41 per cent. 

We have found (Am. J. Physiol. 116: 1, 1936; 
Anesthesie et Analgesic 111: 1, 1937; Anesthesia 
and Analgesia 20: 2, 1941) that during anesthetiza- 
tion more negative cliarges left the brain by effer- 
ent nerves than came to it by afferent nerves, 
resulting in a loss of negative charges thereby de- 
creasing the negative potential of the brain corte.v 
with resulting decrease in irritability and anesthe- 
sia. During recoveiy from anesthesia, more nega- 
tive charges came to the brain by afferent nerves 
than left by efferent nerves thereby increasing the 
negative potential of the brain cortex. This sug- 
gests that the reason the rabbits that were stimu- 
lated recovered more quickly from the nembutal 
was that the stimulation set up negative cliarges 
which passed to the brain cortex thereby increasing 
its negative potential with resulting increase in 
irritability and recovery from anesthesia. 

Refinements in the Stewart method for deter- 
mining cardiac output. H.\rold C. Wiggers. 
Dept, of Physiology, Western Reserve Univ. Medi- 
cal School, Cleveland, 0. Stewart’s salt-injection 
method (Am. J. Physiol. 57 : 27, 1921 ) for obtaining 
cardiac outputs in anesthetized dogs seems as 
reliable in principle as the Fick method. The 
inconsistent, high values reported by Stewart were 
probably related in part to the relatively crude 


technique employed. Following several technical 
refinements, consistent values have been re- 
peatedly obtained. These improvements include 
the following: 1. For each animal a saline concen- 
tration and injection rate was determined which 
produced adequate conductivity changes w’ithout 
altering cardiac rhythm or strength of beat as 
judged from electrocardiograms and central arte- 
rial pulses. 2. Instead of employing both femoral 
arteries, blood was withdrawn from the same ar- 
tery in which the presence of the injected salt was 
detected by unbalance of a Wheatstone Bridge. 
To this end, a special conductivity cannula was 
inserted between central and peripheral ends of a 
femoral artery, thus maintaining constant blood 
flow to that limb. When the injected salt reached 
maximal concentration in this cannula, 4 cc. of 
blood were rapidly withdrawn by a syringe via a 
side outlet. 3. The apparatus for electrotitration 
of blood samples for equivalent conductivities was 
materially improved by utilization of modern 
equipment and design of a conductivity cell per- 
mitting stirring of blood samples. 

The method, thus modified, yields quite con- 
sistent values on repeated determinations. These 
compare favorably in most instances with simulta- 
neous Fick determinations, but run somewliat 
higher. On the basis of experience, our Fick 
rather than our salt injection values were ques- 
tioned w'hen discrepancies arose. 

Cardiac output and total peripheral resistance 
measurements in intact barbitalized dogs. Har- 
old C. Wiggers and Kenneth Huizenoa (by 
invitation). Dept, of Physiology, Western Fc* 
serve Univ. Medical School, Cleveland, 0. Cardiac 
outputs in 11 large (18-23.5 K.) and 4 medium- 
sized (10-12.5 K.) barbitalized dogs were deter- 
mined by a refined Stewart salt-injection method. 
From 3-4 determinations were obtained per liour. 
The constancy of successive measurements is re- 
vealed in the following representative results ex- 
pressed in liters/minute; S3 K. drops, 2.99, 3.01, 

2.65, 2.53, 2.31, 2.39, 2.40; 2.68, 2.88, 3.07, 3.0o, 

2.66, 3.08 ; 2.67, 2.75, 2.60, 2.87, 2.66 ; 2.91, 2.7S, 
2.80, 2.85, 2.76. 12.5 K. drogs, 1.51, 1.45, 1.31, 1.27, 
1.36; 1.76, 1.97, 1.95, 1.79. These figures yield an 
estimate of minute outputs in dogs of these weig 
On the basis of surface area, 78 per cent 
determinations on all the dogs fell within 2.4- • 
liters/sq. meter. The mean of 93 moasuremcn s 
on 15 dogs was 2.86 liters/sq. meter (Stanclaru 
Deviation, 0.51). This compares favorably wjt j 
observations based on the Fick method 

by Marshall (Am. .7. Physiol. 77: 459, 192 ) 
unanesthetized dogs. _ ^ i 

Calculations of total peripheral resistance hi- 
on these output determinations in the arge o 
ranged from 2000-6600 A.U. with a mean valu 
4185 (v = 900 A.U.). For the 4 medium dogs, 
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variation -was 3585-9920 A.U. There was a tend- 
ency for TPR to increase progressively after the 
first two hours of experimentation. 

With heart rates that varied from 122-233 
heats /min., the stroke volume ranged from 10.8 cc.- 
22.5 cc. in large dogs and from 7.3-15.2 cc. in me- 
dium-sized dogs. 

Potassium and the cause of death in traumatic 
shock. Alexander W. Winkler and Hebbel 
E. Hoff. Dept, of Internal Medicine and the 
Laby. of Physiology, Yale School of Medicine. 
A form of traumatic shock was produced in twenty- 
five dogs under dial anesthesia by releasing a tour- 
niquet which had been applied to one hind leg sev- 
eral hours previously. Electrocardiograms and 
samples of serum for potassium analysis were 
obtained at intervals until death. The serum 
potassium regularly increased somewhat above its 
normal level, and electrocardiograms showed 
various changes, including at times those usually 
associated with small increases of the scrum potas- 
sium. However, the serum potassium did not 
usually rise above 8 mM per liter, a concentration 
insufficient to produce any circulatory difficulty 
in the intact animal, and the electrocardiograms 
clearly indicated that death did not usually result 
from potassium poisoning. In two instances only, 
in dogs living an unusually long time in a state of 
shook, did the scrum potassium concentmtion rise 
above 10 mM per liter just prior to death, and in 
these same two dogs the electrocardiograms indi- 
cated that death was duo to cardiac arrest from 
potassium poisoning. 

It is concluded that, although in rare instances 
death in this form of shock may result from auto- 
intoxication with potassium, it is due to some 
other cause in the great majority of cases. 

Observations on the polyuria produced by 
desoxycorticosterone acetate. Charles A. Win- 
ter and W. R. Ingram. Depts. of Physiology and 
Anatomy, Stale Univ. of Iowa. The dog and 
the cat differ in their responses to injections of 
desoxycorticosterone acetate in oil. Dosages up 
to 30 mgm. daily fail to increase the daily water 
exchange of normal cats. In cats with experi- 
mental diabetes insipidus, similar injections in- 
crease neither the severity' of the d.i., nor the 
dos.'igc of pitressin required to relieve it. In the 
dog, injections of 5 or 10 mgm. daily markedly in- 
crease the severity of d.i. already present, or render 
normal dogs mildly polyuric. Pitressin only par- 
tially controls desoxycorticosterone polyuria, even 
if given in dosage several times lliat required to 
render a d.i. animal non-polyuric. During the 
administration of desoxycorticosterone acetate, 
reduction of nitrogen intake while the salt intake 
is kept constant reduces the polyuria, but the 
change in urine volume is less marked than when a 
similar experiment is performed on an ordinary 


d.i. dog. Increase in either salt or nitrogen intake 
is markedly effective in increasing the polyuria. 
Creatinine clearances on three d.i. and two normal 
dogs before and during the injections show no 
consistent difference between the two groups. In 
four of the five dogs, the injections decreased the 
tubular reabsorption of water, as shown by cre- 
atinine U/P ratios. The dog that showed nO' 
change was a d.i. animal that already had a cre- 
atinine U/P ratio as low as 18 before the injections- 
began. In two d.i. and one normal dog, the injec- 
tions significantly increased the glomerular filtra- 
tion as shown by the creatinine clearance. 

Motor performance of an adult Macaca mulatta 
following bilateral removal of areas 4 and 6. Clin- 
ton N. WooLSET and Philip Bard. Dept, of 
Physiology, Johns Hopkins Univ., School of Medi- 
cine, Baltimore. H areas 4 and 6 are removed in 
stages from both hemispheres of the adult monkey 
with sufficiently long intervals between operations 
to permit maximal recovery of function, perform- 
ance approaching that seen after similar ablations 
in young monkeys (Kennard, 1942) may be ob- 
served. 

From a macaque weighing 2.7 kgm. the entire 
left precentral gyrus was removed in October 1935. 
The removal extended from the sulcus callosomar- 
ginalis to the Sylvian fissure, and from the bottom 
of the central fissure to the inferior precentral 
sulcus and the anterior limit of area 45. In Octo- 
ber 1937 (wt. 4.4 kgm.) the right arm and leg areas 
were similarly removed, leaving the face area. 
Although the animal was greatly incapacitated, he 
was able to sit and to walk on the following day. 
It was assumed that the motor performances ex- 
hibited were made possible bj' the presence of both 
areas 6. In August 1938 both areas 6 were removed 
together with the right face area. It was antici- 
p.atcd that this would yield a greatly incapacitated 
animal resembling our decorticate monkey with 
which we wished to compare it. Surprisingly the 
operation produced relatively little additional 
motor difficulty. The animal was able immedi- 
ately to walk and, when excited, to climb. Subse- 
quently the removals described were confirmed. 

.■Apparently the rate at which rccoverj' proceeds 
in the adult monkey is much slower tlian in the 
infant, and if additional lesions arc to be made, 
sufficient time for maximal recovery of the remain- 
ing cortical and subcortical mechanisms must bo 
allowed. 

"Second” somatic receiving areas in the cere- 
bral cortex of cat, dog and monkey. Cli.nto.v X. 
WooLSEY. Dept, of Physiology, Johns Hopkins 
Unit’., School of Medicine, Baltimore. .-Adrian 
(1941) described a second somatic receiving arc.a 
in the anterior cctosylvi.an gyrus of the cat, rc- 
s]>onsivo to tactile and prc.ssure stimulation of the 
apices of the contralateral limbs. Since it w.as not 
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found in dog or monkey, Adrian suggested the area 
might serve the specialized claw mechanism of 
Felidae. 

Opportunity to study this system arose, during 
the course in physiology for first-year medical stu- 
dents, in an experiment devoted to the sensory 
areas of the cerebral cortex. The area was found 
in 10 cats and in each of 2 dogs examined. Certain 
views, previously expressed (Woolsey and Walzl, 
Bull. Johns Hopk. Hosp. 1942, Dec.), led us to 
deduce that in the monkey the area might be found 
on the superior wall of the Sylvian fissure. Ex- 
periment confirmed the deduction. The area is 
caudal to the insula, adjacent to the auditory area ; 
its rostral portion receives impulses from the fore- 
limb, its caudal part from the hind. 

In both cat and dog the area receives impulses 
from both sides of the body, chiefly from the apices 
but also from proximal parts of the limbs. Ipsi- 
lateral responses are about half as large as contra- 
lateral ones. Responses can be evoked by hair 
movement alone ; in deep anesthesia pressure may 
be required. In monkey only contralateral re- 
sponses have been found and only in response to 
ressure on the digits or over muscles activating 
gers and toes. It is probably significant that in 
t the area is directly contiguous to our second 
auditory area (loc. oil.). 

A monkey which survived bilateral decortica- 
tion for 161 days. Clinton N. Woolsey. Dept, 
of Physiology, Johns Hopkins Univ., School of 
Medicine, Baltimore. Three chronic bilaterally 
“decorticate” monkeys with survival periods of 26 
Ivarplus and Kreidl, 1914), 33 (McKinley and 
erkowitz, 1933) and 37 days (Ter Braak, 1936) 
have been described. The animal here reported 
lived for more than 5 months with all corte.x re- 
moved except a bit of neocortex beneath the ros- 
trum and small portions of both hippocampal gyri. 
No damage was done the thalamus and most of the 
striatum remained. The decortication was ef- 
fected in two stages (left, October 1936; right, 
November 1937). 

The early status of this animal was similar to tliat 
described by the above authors. Considerable 
improvement took place, however, and fragments 
of the righting reactions, progression and other 
patterned activities appeared. Yawning and sev- 
eral different vocal sounds were possible. Chew- 
ing and swallowing movements were present from 
the beginning but they were not very effective. 
They increased in vigor and amplitude throughout 
the survival period. A number of interesting 
reflexes involving the mimetic and extrinsic ear 
muscles were evoked from specific reflexogenous 
zones of the head. These refle.ves were not seen 
in other animals with cortical lesions but were 
present in one of Dr. Hines infant monkeys 3 
weeks of age. The gastro-intestinal tract was very 


active and vigorous hunger contractions were re- 
corded. The animal died of an intestinal intus- 
susception. 

The functional capacity of the nervous system 
of this animal appeared limited chiefly by its 
wasted muscular apparatus. It seems likely tkit 
piecemeal decortication would result in a prepara- 
tion more like decorticate subprimates. 

A study of placing and hopping reactions in 
children. Clinton N. Woolsey and Robert A. 
Goodwin, Jr. (Henry Strong Denison Scholar, 
1939-40, during which time this study was made) 
(by invitation). Dept, of Physiology, Johns Hop- 
kins Univ., School of Medicine, Baltimore. De- 
velopment of placing and hopping reactions in 
relation to standing and walking was studied in a 
group of 125 children, aged 4 mos. to 5 yrs., at the 
Well Baby Clinic of the Eastern Health District oi 
Baltimore. In general, placing reactions (tactile 
and visual) and hopping reactions appear at the 
age of 6 months. Both direct and crossed placing 
reactions occur and exhibit appropriate local sig- 
natures. At first all reactions are sluggish but the 
speed of reaction gradually increases until the child 
is able to stand alone and walk freely. From a 
short time after appearance until about the age of 
2 the reactions are readily elicited in normal chil- 
dren not actively resisting the examiner. After 
the age of 2 a feature characteristic of the reaction 


in monkeys — inhibition — becomes more and more 
prominent until in children of 4 and older it is diffi- 
cult to elicit the reactions. Nevertheless, children 
as old as 5 may respond excellently. Older chil- 
dren, as do monkeys, in hopping lateralward tend 
to shift from heel to toe instead of lifting the foot 
free from the floor. A child of 7 with hemiplegb 
of several months duration gave excellent response^ 
in the normal limbs but failed to react when the 
spastic hemiplegic members were tested. This 
investigation carries to man the series of studies on 
these postural reactions made by Bard and his asso- 


ciates. 

Further observations on the effect of feeding a 
high fat ration on the water, fat and protein con- 
tent of the skin and body of the albino rat. fll-'’' 

FREY Wynn (by invitation), Glenville Giddino^ 

(by invitation) and John Haldi. Dept, of P !/*• 
ology, Emory Univ., Ga. Changes similar to t losc 
produced in the composition of the skin of t ^ 
albino rat by feeding a ration containing 
amount of fat for 70 days (Am. J . Physiol. 

1942) can be induced in a much shorter perio 
time. At the end of one week on the high at 
the percentage water content of the skin o 
males was 57.1 as compared with 61-9 per 
the stock ration; that of the females on the a - ^ 
stock rations 50.1 and 57.4 per cent, 

The fat content of the skin was appreciably i _ 
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and the protein content lower on the fat than on 
the stock ration. Corresponding differences were 
observed in the water, fat and protein content of 
the entire body. 

The differences in the composition of the skin 
and body on the stock and carbohydrate rations 


were not as pronounced as those obtained at the 
end of 70 days in the previous experiments. The 
effects produced by feeding the high fat ration two 
and three weeks were approximately the same as 
those observed at the end of the first week on the 
ration. 
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Concentration of higher fatty aldehydes in tis- 
sues of vitamin B-deflcient rats. Marjoeie 
Anchel and Heinrich Waelsch. Depls. of Neu- 
rology and Biochemistry, Columbia Unis., New 
York. The members of the vitamin B group 
are believed to play an important role in the syn- 
thesis of fat from other body constituents. To test 
the possible function of the higher fatty aldehydes 
(h.f.a.) in such conversions, their concentrations 
in muscle, brain and sciatic nerve of rats on a 
complete diet were compared, in two sets of experi- 
ments, with concentrations in the tissues of rats 
on a fat-free, vitamin B-deficient diet. 

In one experiment, the muscles of the mildly 
deficient rats had a higher concentration of h.f.a. 
than those of the normal rats. In a second experi- 
ment, determinations carried out in the last two 
weeks of a severe deficiency showed an increase 
of the h.f.a. in the nerves but no significant differ- 
ence in the concentration in brain. In this ex- 
periment the concentration in the muscles of the 
deficient group was below that of the normal ani- 
mals. 

Effect of hemorrhagic anemia on quinine excre- 
tion. James C. Andrews and W. E. Corn.a.tzer. 
Dept, of Biological Chemistry, School of Medicine, 
Univ. of North Carolina, Chapel Hill. The 
purpose of this work was to determine whether any 
relationship exists between hemorrhagic anemia 
and the levels of quinine attained in blood and 
urine after single doses of quinine sulfate. Two 
nwle dogs were freed from intestinal parasites. 
After a period of four days for healing of the in- 
testine, the dogs were given 20 mgm. of quinine 
sulfate per kilo of Irady weight by mouth in a gela- 
tin capsule. Blood and urine samples were taken 
at intcrv.als of 0 and .30 minutes and 1, 2, 4, 6, 12 
and 21 hours. Quinine was determined by the 
method of Kykcr, Webb and .\ndrcws. 

The curves of blood concentration and urinary 
excretion of quinine were determined after two 
such adminislrations of single doses to the nomml 


animals. Hemorrhagic anemia was then produced 
by heavy bleeding. After a hematocrit value of 20 
per cent was attained for two weeks, quinine ad- 
ministration was repeated. The shape of the 
blood curves varied from the normal in that under 
conditions of anemia a higher level of quinine con- 
tent followed the initial peak. This plateau cor- 
responded somewhat to that found by Andrews and 
AVebb in dogs with moderate hookn’orm infection 
and indicates that higher blood levels resulting 
in some cases from quinine administration to hook- 
worm infected dogs may probably be the results of 
the anemia which accompanies hookn-orm infec- 
tion. No significant change was found in the 
percentage of recovery of quinine in the urine. 

Effect of liver damage on quinine excretion. 
Jaxies C. Andrews and W. E. Cornatzer. Dept, 
of Biological Chemistry, School of Medicine, 
Univ. of North Carolina, Chapel Hill. The 
demonstration by Anderson of the effect of the 
liver on the metabolic destruction of ingested 
quinine, and his preparation from liver of an agent 
active in this destruction have suggested confirma- 
tory studies from the standpoint of liver damage, 
accomplished by means of chloroform anesthesia. 

Quinine sulfate was administered and blood and 
urine samples taken and analyzed ns described in 
the preceding abstract. (Andrews and Cornat- 
zer.) After two experimental administrations of 
quinine to the normal animal the effect of two 
degrees of chloroform anesthesia was investigated. 

In .all c.ases, after chloroform anesthesia the level 
of quinine in the blood remained up for a markedly 
longer period than under normal conditions, thus 
demonstrating decreased metabolic destruction. 

The results from urine cx'crction studies paral- 
leled those from blood. For example, percentage 
recoveries of the quinine administered to a normal 
dog were (in two different experiments) 4.4 and 
S.9. These recoveries increased to 11.5 per cent 
after 30 minutes of chloroform anesthesia and to 
14.7 per cent after one hour. Four months Later 
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the same animal showed a recovery of 7.5 per cent 
of the dose. These results confirm the previous 
conclusions of other workers and ourselves as to 
the vital role of the liver in the metabolic destruc- 
tion of quinine. 

X-ray diffraction of muscles. E. W. Ashke- 
naz, G. C. HENN^'and M. Spiegel-Adolf. Depts. 
of Colloid Chemistry and Physics, Temple Medical 
School, Philadelphia. X-ray diffraction studies 
were made on living and dried sartorius muscles of 
Rana pipiens in an attempt to correlate phj^sico- 
chemical changes with differences in the x-ray 
diffraction patterns. 

A special camera was built in which the distances 
from the object to the focal spot and to the film 
were 60 and 20 mm. respectively; the necessary 
exposure time was thus cut down to 6 minutes. 
Response of the living muscles was tested elec- 
trically after each e.xposure. Living muscles 
show' equatorial orientation at a spacing corre- 
sponding to 10.3 A and indications of a flattening 
of the outside ring. Drying at room temperature 
in vacuo intensifies this picture, the spacing of the 
sickle corresponding to the spacing of 5.4 A re- 
ported by Astbury. Stretching of the muscle 
close to the breaking point brings forth an addi- 
tional spacing in the dried muscle pattern which 
can be identified with a similar diffraction line 
given by stretched tendon. X-ray irradiation up 
to 23,400 r does not modify the diffraction pattern 
of subsequently dried muscle . Equatorial orienta- 
tion is lost upon faradic stimulation but not upon 
e.xposure to effective caffeine concentrations, 
provided that shortening of the muscle is mechan- 
'cally prevented. The x-ray diffraction patterns 
f cut muscles temporarily immersed in isotonic 
CaCL or hypertonic NaCNS or NH^Cl solutions 
show no orientation, corresponding to a loss of 
birefringence. Changes produced by CaCL are 
reversible; MgCl- does not give similar effects. 
NaCNS and CHjCOOH cause changes in the spac- 
ings of the x-ray diffraction patterns suggesting 
changes in hydration. [Kathryn McHale Fellow.] 

Activation of soybean lipoxidase. Bernakd 
Axelrod and Marian W. Kies. Enzyme Re- 
search Laby., Bur. Agricxdtural Chemistry and 
Engineering, Agricultural Research Administra- 
tion, U. S. Dept, of Agricidture, Washington. 
A considerable purification of soybean lipoxidase 
has been effected by a procedure involving am- 
monium sulfate precipitation, pH control, dialysis, 
and precipitation of other proteins by purothionin. 
With purified lipoxidase, it w'as possible to demon- 
strate the existence of a substance in soybean meal 
which accelerates the enzj'matic oxidation of 
linoleic and linolenic acids and the concurrent oxi- 
dation of co-substrates such as ascorbic acid, caro- 
tene, certain leuco dyes, pyrogallol, etc. 

In a t 3 'pical experiment nine times as much 


linoleic acid w'as oxidized in three minutes by 
enzj'me w'ith activator as by' enzyme alone. 

A crude preparation of activator may be ob- 
tained by extracting defatted soybean meal mth 
dilute acetic acid at 95° C. The activator in the 
filtrate may be concentrated by HgCl 2 -H 2 S treat- 
ment. Further purification is achieved by frac- 
tional precipitation with alcohol. 

The amount of activator necessary for optimum 
oxidation of the unsaturated fat depends on the 
concentration of fat in the substrate mixture. 
Increasing the concentration of fat increases the 
need for activator. This may explain the inhibi- 
tion of soybean lipoxidase by high fat concentra- 
tions reported by Sumner and Sumner (J. Biol. 
Chem., 134: 531, 1940). 

The “purified” activator material is largely poly- 
peptide in nature, and loses its activity on diges- 
tion with papain. [Work done on Banhhcad-Joncs 
Funds, SRF-2-9.] 

Effect of injection of individual amino acids 
upon the Emge sarcoma in rats. How'ard H. 
Beard. Dept, of Biochemistry, School of Medi- 
cine, Loxiisiana State Univ., New Orleans. 
Most of the amino acids of the protein molecule, 
except tyrosine, w'ere injected individually daily 
for 3 w'eeks into young rats bearing the Emge sar- 
coma (3 cc. of physiological saline containing 18 
mgm. of a given amino acid). Injections were 
begun the day of transplants. The average in- 
crease in tumor growth in 291 control tumor rats 
W'as 28 grams as compared to 9 grams in 36S “amino 
acid” rats. In the controls 7 out of 280 tumors 
disappeared spontaneously'. In all, 164 out of 31S 
tumors, or 47 per cent disappeared under amino 
acid injections. These results confirm those ob- 
tained in our last study in w'hich S3 per cent (38 out 
of 46) in one group and 60 per cent (15 out of 20) 
of the tumors disappeared after amino acid injec- 
tions beginning the day of transplants. 

The per cent disappearance of tumors was as 
follows : arginine + histidine, 100 ; arginine, 70, 93, 
lysine, 83; arginine -j- lysine, 79; pheny'lalaninc, 
75; valine, 74; try'ptopliane, 64; alanine, 63; meth- 
ionine, 69; histidine, 56; leucine, 50; norlcucine, 
44; isoleucine and cystine, 43; serine, 40 ; asp.artic 
acid, 38; proline, 25; glutamic acid, 22; glycine, 
18; cysteine, 17; hydroxyproline, 13; threonine, 
13. It is interesting to note, with one or two ex 
ceptions, that the essential amino acids occupy t is 
first 10 positions in regard to the disappearance o 

tumors. . -j nd 

Effect of injection of individual amino acids a 
a casein hydrolysate upon Emge sarcoma in ra 
Howard H. Beard. Dept, of BiochenM 
School of Medicine, Louisiana State Unn-, 
New Orleans. Eighteen milligrams of a gij 
amino acid were injected daily in 3 cc. o P 
logical saline beginning the day of transp an a 
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jr 2 weeks later. The casein hydrolysate (10 per 
cent Amigen) was injected in 2 cc. amounts daily 
ar 30 cc. daily in place of the drinking water. In- 
jection of the amino acids (arginine -4- histidine, 
phenylalanine, alanine, valine, leucine, glutamic 
acid and proline) or feeding cystine by mouth, 
caused 39 out of S3 tumors, or 74 per cent to disap- 
pear as compared to 1 in the controls. When the 
amino acids were injected 2 weeks after transplan- 
tation of the tumors, only 20 out of 170 tumors, or 
9 per cent disappeared, compared to none in the 
controls. To our surprise the injection or inges- 
tion of the casein hydrolysate had no effect upon 
the tumor characteristics as compared to their 
controls. This is in contrast to the results of others 
who have shorni that a neutralized muscle hydrol- 
ysate will cause tumors to disappear. Evidently 
Bomething.more than the amino acids is necessary, 
e.g., the nitrogenous bases of the muscle tissue 
(Roffo, A. H. Bol. Institut. dc Med. E.^per, para cl 
cstud. y trat del Cancer, 14: no. 45, 257, 1937. 
Boyland, E. Biochem. J. 33: 1283, 1941. Lustig, 
B. and H. Wachtel, Ztschr. Krebsforsch. 43: 54, 
1935. We arc studying this question at the present 
time. 

The reaction of chorionic gonadotropin with 
phenylisocyanate. Fritz Bischoff. Chemical 
Lahy., Santa Barbara Cottage Hospital Research 
Inst., Santa Barbara, Calif, More than 90 
per cent of the physiologic activity of chorionic 
gonadotropin is destroyed by phenylisocyanatc 
under the specific mild conditions of reaction which 
inactivate the marc scrum gonadotropin and which 
were formerly regarded as confined to reaction 
with the amino group. 

Influence of vitamin Bs and pantothenic acid 
upon the growth of sarcoma 180. Fritz Bisciiorr, 
Louise P. iNGRAii.vst and J. Jerojie Rupp, Santa 
Barbara Cottage Hospital, Santa Barbara, Calif. 
In three series of experiments using 122 hlarsh- 
Buffalo mice, the maintenance on a synthetic diet 
containing vitamins of the B group otlicr than Bs 
produced a marked and significant decrease in 
tumor rate growth, which was corrected bj' the 
addition of vitamin Bs without significantly chang- 
ing caloric intake. In two series of experiments 
running concurrently with the vitamin Bt experi- 
ments (31 additional mice), pantothenic acid defi- 
ciency w!is without influence upon rate of tumor 
growth. In a single experiment comprising 30 
mice, the addition of vitamin B* to a diet other- 
wise completely deficient in the B complex, pro- 
duced a significant increase in tumor growth. IVith 
the exception of a decrease in thymus weight, no 
chamcteristic pathology was observed in the mice 
deficient in vitamin Bj. 

Invc.stigotion of the a and 0 phospholipid frac- 
tions. CiiEsntR F. BritM-vsTi'-R. Dept, of Bio- 
chemistry ami Pharmacology, Unit, of Rochester 


Medical School, Rochester, N, F. Micromethods 
liave been developed, using variations of the 
Malaprade reaction, for the analysis of serine, 
ethanolamine, or-glycerophosphate and )3-glycero- 
phosphate in the aqueous e.xtract from the alka- 
line hydrolysis of phospholipids. 

Bj' use of these methods on pure samples of a- 
and ^-glycerophosphates, as well as their mixtures 
with serine, ethanolamine, inositol and choline, 
both before and after treatment with alkali for 
periods of time found sufficient to hydrolyze phos- 
pholipid completely, no shift from the ^-form to 
the a-form or the reverse was found. This finding 
does not agree with conclusions recently reached 
by Folch (J. Biol. Chem. 146: 31, 1942) concerning 
the stability of a-glycerophosphate in alkaline 
hydrolysis of phospholipids. 

These methods were then applied to the analyrsis 
of the a-and ^-cephalins and a- and /J-lecithins pre- 
pared from egg yolk according to the procedures 
developed by Yokoyama and Nishimoto (Proc. 
Imp. Acad. Tokyo 9; 5S2, 1934; Nishimoto, U., 
ibid. 10 : 578, 1934). Their “a-cephalin” fraction 
averaged 49 per cent a and 52 per cent (3; the "B- 
cephaiin” fraction averaged 47 per cent a and 53 
per cent P compared with 49 per cent a and 51 
per cent P for the whole cephalin fraction. The 
"a-lccithin” fraction averaged 55 per cent a and 
45 per cent /S and the “iS-lecithin” fraction 46 per 
cent a and 54 per cent fl. The idenitty of these 
fractions is being investigated. 

The procedure is also being applied to the indi- 
vidual cephalin fractions prepared by the method 
of Folch, J. Biol. Chem. I4G; 35, 1942. 

The B vitamins and protein metabolism in the 
rat. M. L. Corxett and E. W. McHexry. 
School of Hygiene, Univ. of Toronto. Pre- 
vious inv'cstigations from this laboratory liavo in- 
dicated that both tliiamin and pyridoxine must bo 
supplied to enable fat to be synthesized from pro- 
tein. In the present work rats were depleted of 
thwmin and pyridoxine on a casein diet, free of 
carbohydrate and fat. Using isoealoric feeding 
in a subsequent supplemental period, the effects 
of thiamin and pyridoxine on glycogen synthesis 
were studied. Neither vitamin alone had any 
effect but when given together there were signifi- 
cant increases in both liver fat and liver glycogen. 
It is concluded that both thiamin and pyridoxine 
are necessary for the formation of glj'cogon from 
protein. 

Effect of intravenous casein hydrolysate on the 
amino nitrogen and CO; combining power of 
plasma. IVarre.v M. Cox, .Tn. and .-VitTiiUR J, 
Mueller. Mead Johnson Laboratories, Evans- 
ville, Ind. Because the rapid injection of amino 
acid mixtures or protein hydroly.sates has occa- 
sionally resulted in nausea, observations have Ix-cn 
nwde on the amino nitrogen level and CO- com- 
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bining power of the blood plasma of dogs during 
and subsequent to a rapid intravenous injection of 
an enzymic casein hydrolysate. The rate of in- 
jection was constant, 0.27 cc. of a 10 per cent solu- 
tion per minute per kilo body weight for 120 
minutes, and solutions of pH 4.5, 5.5., 6.5 or 7.5 
were used. Blood samples were taken at half- 
hour intervals during injection, and for 3i hours 
afterwards. The same dogs were used repeatedly 
for 15 periods. 

Vomiting did not occur after the second injection 
in the same dog. Plasma NHa-N rose an average 
of 17.4 (o- 2.7) mgs. per 100 cc. during the injection, 
and fall 11.2 (cr 1.9) mgs. in the fii'st 30 minutes 
after cessation. It returned promptly to the nor- 
mal level. Neither the amount of rise nor the 
fall bore any relation to the pH of the solution. 
Fall in CO 2 combining power was definitely related 
to the pH of the solution. The fall in volume per 
cent as read at the end of the 2 hour injection was, 
at pH 4.5, 19.0; pH 5.5, 14.2; pH 6.5, 12.2, and pH 
7.5, 5.5. 

Neither of these values provides an adequate 
explanation for nausea from rapid injection of 
protein hydrolysates. 

A quantitative method for the determination 
of tyrothricin. Keene Dimick. Western Re- 
gional Research Labij., Bureau Agricultural 
Chemistry and Engineering Agricultural Research 
Administration, U. S. Dept, of Agriculture, Al- 
bany, Calif. The well known hemolytic property 
of tyrothricin (gramicidin plus tyrocidine) has 
been made the basis of a quantitative method for 
the determination of this bactericide in bacterial 
cultures. The degree of hemolysis of standard 
suspensions of rat erythrocytes is measured by 
light transmission methods with a Klett-Sum- 
merson photoelectric colorimeter. The degree of 
hemolysis was found to be proportional to the 
amount of tyrothricin added to the erythrocyte 
suspension. From these results a straight-line 
calibration curve, covering the range of 4 to 10 
fig., was constructed. The amount of hemolysis 
produced by an unknown solution was measured 
with the colorimeter and the tyrothricin content 
was read directly from the calibration curve. 

For the assay of culture media, a known volume 
of the culture is added to 9 times its volume of 95 
per cent alcohol, shaken, and centrifuged. The 
clear supernatant fluid is tested by adding 0.5 
ml. to the standard suspension of erythrocytes. 
Only 0.1 ml. of a bacterial culture containing ap- 
proximately 100 us- of tyrothricin per ml. is neces- 
sary to determine the concentration with an ac- 
curacy of ±5 per cent. The accuracy of the 
method was determined by adding known amounts 
of tyrothricin to a culture medium and comparing 
the analytical results with the known concentra- 
tions of bactericide. 


Maintenance of adrenalectomized rats ffilti 
urinary extracts. Ralph I. Dobfman and 
JAMiN N. Horwitt. Brush Foundation, Dept, 
of Biochemistry, Western Reserve Univ.\ Dept, 
of Medicine, Lakeside Hospital, Cleveland. Pre- 
viously we reported the presence of cortin-Iite 
material in extracts of men’s urine by means of a 
technique involving the relative lack of resistance 
of adrenalectomized rats to cold. We now have 
been able to demonstrate that these extracts can 
also maintain the life of adrenalectomized rats. 

Young, adrenalectomized male rats were placed 
on a diet of Purina dog chow. From the third to 
the ninth day inclusive, the rats received daily by 
stomach tube the preparations in 1 cc. of 10 per 
cent ethanol. Group A (9 animals) received only 
the 10 per cent ethanol ; group B (8 animals) re- 
ceived the equivalent of 0.2 cc. of adrenal cortical 
extract; group C (9 animals) received the equiva- 
lent of 0.1 cc. of adrenal cortical e.xtract ; group D 
(9 animals) received the extract equivalent of 1 
liter of men’s urine. The urinary material ms 
an alkali insoluble fraction of an ethylene diclilo- 
ride extract of men’s urine. 

All the rats in groups B, C and D were alive 
when treatment was stopped. At this time, 7 of 
the 9 rats in group A were dead. The remaining 
2 animals died two days later. Between the sec- 
ond and tenth day after treatment of groups B, 0 
and D was stopped, all the animals died. The 
average survivals in days of the various groups were 
7.4, 16.7, 16.0 and 16.8 for groups A, B, C and D, 
respectively. [Supported in part by a grant from 
the Josiah Macy, Jr. Foundation.^ 

State of nucleic acid in isolated nuclei. Alex- 
ander L. Dottnce. Dept, of Biochemistry, 
Univ. of Rochester Medical School, Rochester, 
N. Y. Nuclei Imve been isolated from rat liver 
at pH 6.0-6.2, and at pH 3.8-4.0. From Walker 
carcino-sarcoma 256, nuclei have been isolated at 
pH 3.8 or slightly lower. Chicken erythrocyte 
nuclei have been prepared by an improved metho 
at pH 6.8-7 .0. 

It has been found that the nucleic acid of tic 
isolated nuclei may exist largely in an easily ex- 
tractable state, or that under different conditions 
much of it may be firmly bound and unextracta e 
by the usual mild methods. Liver or 
nuclei prepared at the low pH values, as "c a. 
erythrocyte nuclei prepared at pH 6.8-7 .0, contain 
the firmly bound nucleic acid. These nuclei m 
form a curious semi-transparent gel which f 
in high dilution, if the pH is raised to 8. 
ammonia in the absence of other electrolytes. 
erythrocyte nuclei also form a gel in five or ten p 
cent sodium chloride solution. 

On the other hand, liver cell nuclei 
pH 6.0 will not form such a gel, and the nuc 
acid is almost entirely extractable, toget ler 
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protein, in five per cent sodium chloride solution. 
Desoxyribonucleic acid extracted from whole tissue 
by mild methods must also be loosely combined. 

The fact that chicken erythrocyte nuclei con- 
tain the firmly bound nucleic acid argues in favor 
of the hypothesis that the firmly bound state of 
desoxyribonucleic acid is of physiological impor- 
tance and is not merely an artifact caused by low 
pH. 

A spectrophofometric study of the reaction of 
protohemin with various proteins and with pep- 
tone. David L. Drabkik. Dept, of Phys- 
iological Chemistry, School of Medicine, Univ. of 
Pennsylvania, Philadelphia. In O.I M NaOH 
hemoglobin is rapidly denatured and converted 
into globin hemochromogen. This reaction sug- 
gests that the affinity of denatured globin for 
protohemin is great, since only 1 mole of hemin is 
available per equivalent weight (17,000) of globin. 
Actually, it has been found that more hemin can 
combine with globin tlian 1 mole per 17,000 equiva- 
lent weight unit. A quantitative study has been 
made of the reaction of protohemin with various 
proteins. 

Upon the addition of protohemin to hemoglobin 
or globin in 0.1 M NaOH with NajSjO«, the amount 
of reduced globin hemochromogen increased lin- 
early per mole of hemin added until approximately 
4 moles of hemin had combined per 17,000 equiva- 
lent weight of globin. The reaction then tapered 
off. Analysis of the spectrophotometric data sug- 
gests that a total of 32 moles of hemin can co- 
ordinate with a 68,000 molecular weight unit of 
globin. 

Similar results have been obtained in the reac- 
tion of protohemin with cytochrome c, egg albu- 
min, and edestin in solutions of pH 10 to 13. Un- 
denatured hemoglobin, cytochrome c, and egg al- 
bumin at pH 7 to 9, as well as peptone (Difeo) at 
pH 13, failed to react with hemin. Partial hy- 
drolysis of egg albumin with acid resulted in a 
marked reduction in the affinity (of the products) 
at pH 13 for hemin. 

It is suggested that groups capable of actively 
reacting with hemin are exposed upon alkaline 
denaturation of the proteins studied. The forma- 
tion of the protein hemochromogens cannot be 
correlated with the content of histidine in the 
proteins. 

The wafer and electrolyte content of brain. 
Lillian Eichelbeeger and Richard B. Ricecter. 
Dept, of hicdicine, Univ. of Chicago. Total 
witer, nitrogen and the concentration of the prin- 
ciple electrolytes were determined on brain, which 
was removed by bilateral craniotomy from normal 
dogs. For analyses the brain was separated into 
1) right hemisphere, 2) left hemisphere, and 3) 
cerebellum with the brain stem. 

The right and left hemispheres from the same 


animal gave the s£ime analytical results. The 
hemispheres gave the following mean average re- 
sults which are expressed as units per kilo of hemis- 
phere : total water, 764 gm., or ± 7.5 ; chloride, 36.8 
mM, o- db 1.3 ; sodium, 50.4 mM, cr ± 1.7; potassium, 
96.5 mM, or ± 3.5; calcium, 1.02 mM, <r ± 0.07; 
magnesium, 5.98 mM, a ± 0.48 and total nitrogen 
19.1 gm., <r ± 0.5. 

The cerebellum with brain stem gave the fol- 
lowing mean average results: total water, 747 
gm., or ± 8.8; chloride 35.1 mM, a db 0.9; sodium, 
50.8 mM, a db 1.98; potassium, 94.4 mM, <r ± 1.5; 
ans total nitrogen, 19.2 gm., <r ± 0.6. 

Because the analyses of the hemispheres and the 
cerebellum following extraction of the dried tis- 
sues with ether and petrolic ether gave low con- 
centrations of chloride, sodium, potassium and 
magnesium, the analytical results were not ex- 
pressed in terms of fat-free tissue. 

Distribution of sulfocyanafe, radioactive chlo- 
ride and sodium in the dog. J. R. Elkinton, A. 
W. Winkler and A. J. Eisenm.an. Yale Univ. 
School of Medicine. Under a wide range of cir- 
cumstances the apparent volume of distribution of 
sulfocyanate in the dog regularly exceeds that of 
Cl;® and of Na”. Taking the volume of distribu- 
tion of Cl as unity, in 38 trials the average volume 
of distribution of Na“ was 1.25 and that of sulfo- 
cyanate 1.52. It is concluded that sulfocyanate 
in the dog is distributed through a volume con- 
siderably in excess of the extracellular fluid. 
Changes in the volume of distribution of all these 
substances with hydration and with rehydration 
were usually closely proportional, in spite of these 
differences in absolute magnitude. Sulfocyanate 
distribution may therefore be used as a relative 
but not as an absolute measure of extracellular 
fluid. 

Oxygen uptake caused by an iron-protein with 
ascorbic acid, phospholipid and amino-acid. K. 
A. C. Elliott and B. Libet. Inst, of the Pennsyl- 
vania Hospital, Philadelphia. It was previously 
reported (Federation Proceedings 1: 122, 1942) 
that a thermostable material obtained from liver 
causes a marked temporary stimulation of the 
respiration of brain and liver suspensions. This 
material is a reddish-brown protein containing 
iron. Its effect is greatly increased by low con- 
centrations of neutralized ascorbic acid but slowed 
by higher concentrations. 

Purified phospholipid from brain, with low con- 
centrations of ascorbate and the iron-protein, take 
up oxygen very rapidly. Without ascorbate, oxy- 
gen uptake is negligible; without iron -protein, it 
is very slow. With liver phospholipid and as- 
corbate alone the rate is considerable, but- is 
increased by the iron-protein. Cerebrosides are 
inactive. Ascorbate and iron-protein alone take 
up no oxygen. (Both phospholipid and the iron- 
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protein inhibit copper catalysis of ascorbic acid 
oxidation.) Ascorbate cannot be replaced by 
glutathione or cysteine. 

With tissue suspensions, the effect of iron-pro- 
tein plus ascorbate is considerably increased by 
the addition of various d or I amino-acids, especially 
phenylalanine. This effect depends upon ad- 
ditional factors since phenylalanine has little effect 
with purified phospholipid plus ascorbate plus 
ron-protein, Dihydroxyphenylalanine and phen- 
ylpyruvic acid inhibit the system. 

No extra CO 2 is produced by the system with 
tissue suspension or phospholipid. 

A ferritin preparation from horse spleen was 
much less active than our iron-protein. With 
inorganic iron as catalyst, the oxygen uptake 
curves obtained with phospholipids or tissue sus- 
pensions, and the effects of ascorbic acid, vary 
with the buffer used and usually differ from the 
results with the iron-protein. 

Liver cirrhosis and choline, R. W. Engel. 
Ldby. of Animal Nutrition, Alabama Polytech- 
nic Inst., Auburn. Hepatic cirrhosis was pro- 
duced consistently in 9 weanling rats fed a choline- 
deficient diet containing 20 per cent protein and 6 
per cent fat. The diet consisted of alcohol-ex- 
tracted casein 6, alcohol-extracted peanut meal 30, 
sucrose 54, salts 4, and lard 6 per cent ; and was 
supplemented with adequate amounts of carotene, 
calciferol, a-tocopherol, thiamin, riboflavin, pyri- 
doxin, calcium pantothenate, inositol, and p- 
aminobenzoic acid. 

To prevent the fatal choline -deficiency renal 
hemorrhage during the rapid growth period, 4 of 
the rats received 20 mgm. of choline chloride each 
daily for 6 weeks; the others received small 
amounts of choline during the first 4 weeks of the 
experiment only when palpably enlarged kidneys 
indicated hemorrhage. The former group gained 
well and reached normal mature body weight ; the 
latter group made irregular gains and remained 
stunted. The animals were on e.xperiment for 16 
months. 

Gross appearance at necropsy indicated varying 
degrees of hepatic fatty infiltration and cirrhosis. 
In mild cases the livers were enlarged, fatty, and 
had only a slightly roughened surface, but in the 
severe cases they were dark, shrunken, and had 
the typical nodular “hobnail” surface of advanced 
cirrhosis. Microscopically, the lesions varied from 
mild periportal fibrous tissue proliferation to ex- 
tensive proliferation so that the liver parenchjnna 
was divided into sharply circumscribed lobules of 
varjung size and shape. 

That choline deficiency was responsible for the 
cirrhosis was adequately demonstrated. It -was 
entirely prevented in 10 rats receiving the same 
diet plus 20 mgm. of choline chloride each daily 
throughout the experiment. 


Certain features of salt catalysis. Mark k. 
Everett, Fay Sheppard and Louis E. Diamond, 
Dept, of Biochemistry, Univ. of Oklahoma School 
of Medicine, Oklahoma City. Hydrogen peroxide 
oxidation of carbohydrates in aqueous solutions 
containing iron salt, copper salt, alkali bicarbonate 
or tungstate, causes rapid formation of aldoses, 
ketoses, and alduronic, keturonic and dicarbo.xy- 
lie acids at room temperature. With iron salts, 
sufficient peroxide is utilized to remove 2 to 5 
hydrogen atoms from various hexose derivatives. 
The oxidation apparently involves coordination of 
hydroxyl radicals with ferric, cupric, bicarbonate 
or tungstate ions. The oxidation products, and 
presumably the coordination positions, differ for 
the several salts. Catalytic activities of the ions 
do not parallel their ability to decompose hydrogen 
peroxide. Theoretically, the active ions could re- 
act with hydrogen pero.xide to form percompounds 
and unstable ternary complexes. 

Ferrous and ferric salts are equally effective 
catalysts; addition of d-gluconolactone does not 
change their primary valence. In the presence 
of hydrogen peroxide, ferricyanide reagent does 
not differentiate ferrous from ferric ions. Unlike 
the result in ferrous salt solutions, oxidation of 
ferrous to ferric ions is not quantitative in the 
ferrous ternary mixture. The ferric iron formed 
is reduced slowly by accumulating carbohydrate 
oxidation products. Soluble ferric salts give Tril- 
lat’s “peroxide” test more intensely after addition 
of hydrogen peroxide. Since ferrous ions prevent 
this effect, Trillat’s test is positive for only a feff 
minutes with the ternary mixture made fro® 
ferric salt. Iron salts exhibit maximal catalysis 
at much lower molar concentrations than do cupric 
salts, bicarbonates or tungstates, whose ternary 
mixtures do not give Trillat’s test. Cupric ter- 
nary mixtures give positive benzidine “peroxide 
tests; they contain no detectable cuprous ion. 

The formation of cysteine from methionine in 
the presence of liver slices. Norman F. Floid 
and Grace Medes. Lankenau Hospital Rescan 
Inst., Philadelphia. It has been demonstrate! 
that methionine, incubated under aerobic con- 
ditions with liver slices, gives rise to two products 
which can be determined quantitatively, (1) j 
fate, which amounts to 2 per cent of tlra ad( c( 
methionine and (2) deaminated methionine, o 
keto- 7 -methiobutyric acid, which varies from 2 ® 

30 per cent. , 

Disappearance of added methionine was follonn 
by three methods, (a) the Lavino methionine 
termination, which does not occur if the 
group is absent; (b) the peroxide oxidation 0 
sulfur to the sulfoxide, and (c) the McCar 
Sullivan colorimetric procedure. _ 

With liver slices, it was found tliat met ^ 
disappeared to the extent of twenty per cen , 
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lavine determination, however, always indicated 
i slightly greater loss of methionine than the 
reroxide oxidation or the SulliTOn determination. 
IVhen brei was substituted for slices, the Lavine 
ietennination showed that about forty per cent of 
the added methionine disappeared but the perox- 
ide oxidation revealed little or no cliange in the 
sulfur atom. With benzoyl methionine as sub- 
strate, the Lavine determination was not applic- 
rble, but the peroxide oxidation indicated a loss of 
oaethionine with slices, but not with brei. 

By inhibiting the oxidation of cysteine formed 
from added methionine, with sodium pertitanate, 
yields of cysteine representing 1 to 2 per cent of 
the methionine were obtained. Homocystine 
alone was inactive under these conditions, but 
when choline was present cysteine ^tos produced in 
the order of 0.2 to 0.3 per cent of the added sub- 
strate. 

Comparison of the lipotropic effects of choline, 
inositol and lipocaic in rats. Gebthtoe Gavin, 
Je.\.x M. P.attebson and E. W. McHenht. 
School of Hygiene, Univ. of Toronto. A compari- 
son of the lipotropic effects of choline, inositol 
and lipocaic has been made with various types of 
dietary fatty livers in rats. Choline is effective 
for thiamin fatty livers, partially effective with 
cholesterol fatty livers, but shows little activity 
with biotin fatty livers. Against this last type 
both inositol and lipocaic are active. Lipocaic 
differs from inositol in being ineffective against 
fatty livers caused by feeding cholesterol with a 
high-fat diet. Inositol shows no activity with 
thiamin fatty livers; the addition of other B 
vitamins permits inositol to be lipotropic. 

Nitrogen distribution in the coagulable liver 
proteins of normal and selenized rats. Ross A. 
Gobtsek, Jr. Dcpl. of Biology and Chemistry, 
M'esleyan Univ. ,Middleio\im, Conn. Protein prep- 
arations from a series of livers from three normal 
rats and six rats which were maintained for 6 to 8 
weeks on high protein diets containing 35 parts per 
million of sodium selenite have been subjected to 
micro Van Slyke analysis. No significant differ- 
ences in the various nitrogen fractions were ob- 
served between the control livers and those which 
exhibited grossly only slight or no apparent selen- 
ium pathology. The basic phosphotungstate 
precipitates from two livers showing severe se- 
lenium damage differed from those of other liver 
preparations by having appreciably higher contents 
of amino nitrogen; analyses for the individual 
amino acid components suggested that this resulted 
from an increased lysine content, since the values 
for arginine, histidine, and cystine fell within the 
normal range. 

In all preparations excepting those from livers 
showing severe pathological changes the amino 
acid constituents of the basic phosphotungstate 


precipitates accounted for only 90 to 95 per cent of 
the total nitrogen of these fractions. The balance 
was considered to be purine nitrogen derived from 
nucleoprotein. This assumption was corroborated 
by the analysis of casein to which guanine hydro- 
chloride was added. The phosphotungstate frac- 
tion of the preparations from tire severely patho- 
logical livers contained smaller amounts of purine 
nitrogen, possibly indicative of nuclear degenera- 
tion in this organ. Histological sections of these 
livers showed destruction of the nuclear reticulum 
and clumping of the chromatin material. 

Canine cystinuria. Urinary excretion of cys- 
tine following the administration of homocystine, 
homocysteine, and some derivatives of cystine 
and cysteine. W. C. Hess and M. X. Solwvan. 
Georgelovm Univ., Washington. In previous pub- 
lications we have studied the excretion of urinary 
cystine in two male, cystinuric Irish terriers fol- 
lowing the ingestion of various levels of casein and 
arachin, alone or supplemented by methionine, 
cystine or cysteine. Since the excretion of cystine 
could be increased by feeding either methionine or 
cysteine it seemed desirable to study further the 
effect of feeding — SH compounds especially de- 
rivatives of cysteine, upon the excretion of urinary 
cystine. 

The following compounds were prepared and fed ; 
homocystine, homocysteine, diglycyloystine, gly- 
cylcysteine, thiazolidine carboxylic acid, S-methyl 
carboxycysteine, tetrapotassium tetracarboxy- 
mcthylcystine diacetate, and dipotassium dicar- 
boxy methylcysteine acetate. Of all the com- 
ponuds fed only two produced any extra urinary 
cystine, homocysteine, and glycylcysteine and 
these in small amounts as compared with feeding 
cysteine. The three other derivatives of cysteine 
in which either the sulfur or the amino goup or 
both were substituted failed to influence urin- 
ary cystine excretion. 

Phosphorus turnover of blood and liver lipids 
of the fasting mouse. Harold Carpenter 
Hodge, P. L. MacLacblan, W. R. Bloor, Eilben 
A. Welch and Stlvia Lew. Dept, of Biochem- 
istry and Pharmacology, Univ. of Rochester. 
Young, adult, male, albino mice were fasted in 
groups of 15 for periods through 5 days. Twenty- 
four hours prior to sacrifice radioactive phosphorus 
was administered as disodium acid phosphate 
solution intraperifoneally. 

A lipemia was observed which subsided after 
the third day of fasting, and in which the blood 
phospholipids were sharply elevated. The turn- 
over of blood phospholipids, as is shown by P», 
went through a pronounced maximum with its 
peak on the second and third days of fasting. 

The liver phospholipids were fractioned into 
<x and p forms. The a lecithin and 0 cephalin 
tended to disappear from the livers during fasting. 
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/3 lecithin and a cephalin tended to remain constant 
in amount during fasting. The turnover in P® 
in a and /3 lecithin, and in /3 cephalin followed, 
roughly, a single pattern of sharp increase reaching 
a maximum on the second fasting day and there- 
after decreasing. In contrast, in a cephalin, the 
P32 turnover varied only slightly from day to day. 

The production of hypercalcemia with small 
amounts of vitamin D. James H. Jones. Dept, 
of Physiological Chemistry, School of Medicine, 
Univ. of Pennsylvania, Philadelphia. The inclu- 
sion of one I. U. of vitamin D per gram in a diet 
very low in phosphorus and high in calcium pro- 
duced a definite hypercalcemia in rats. Various 
forms of vitamin D, such as irradiated ergosterol, 
pure calciferol, or irradiated 7-dehydrocholesterol 
were equally effective. Dihydrotachysterol (A.T. 
10) was much less effective. 

The degree of hypercalcemia produced was, in 
general, proportional to the amount of calcium in 
the diet. Diets were fed containing approximately 
0.03, 0.3, 0.5 and 1.0 per cent calcium. On the 
lowest level of calcium no hypercalcemia was pro- 
duced, but the tendency to a hypocalcemia was 
lessened by the vitamin D. On the intermediate 
levels of calcium in the diet the serum calcium 
was usually increased from 1 to 3 mgm. per cent, 
and on the highest intake of calcium the increase 
was usually greater than 3 mg. per cent, reaching 
levels above 15 mgm. per 100 ml. of serum. 

Although there was considerable variation, 
growth was definitely lessened if the serum calcium 
exceeded 15 mgm. per 100 ml. When no hypercal- 
cemia was produced or when it was of only moder- 
ate degree growth of the animals receiving the 
vitamin was about the same as that of the animals 
on the same diet but without the vitamin supple- 
ment. In all cases the vitamin prevented the 
development of .rickets as judged by examination 
of the wrist bones according to the “line test 
technique,” and calcification was increased as 
shown by the percentages of femur-ash. 

Influence of processing on thiamin, riboflavin 
and nicotinic acid content of rice. M. C. Kik and 
F. B. Van Lanmngham. Univ. of Arkansas, 
College of Agricidture, Fayetteville. Preliminary 
experiments showed that when rough rice had 
been exposed to vacuum treatment followed by 
hydraulic pressure and steam treatment, the water 
soluble vitamins of the outer layers penetrate the 
grains during the treatment. Considerable more 
of these vitamins thus have been retained in rough 
rice after it has been milled. In this rice conver- 
sion method (H. R. Rice Conversion. Rice Con- 
version, LTD, London 1940) up to 63.5 per cent 
more thiamine, up to 34 per cent more riboflavin 
and up to 61.2 per cent more nicotinic acid were 
retained after conversion than before conversion. 
This method is also more economical since there is 


less breakage during milling. [Aided by a grant 
from the Williams-Waterman Fund of Research 
Corporation. ] 

The effect of insulin on amino acid metabolism. 
Alfred E. Koehler, Ellen Bxjttenwieser and 
Elsie Hill. Sansum Clinic and Santa Barbara 
Cottage Hospital, Santa Barbara, Calif. A group 
of 12 fasting subjects with uncontrolled diabetes 
mellitus were each given 30 grams of glycine or 
alanine by means of constant rate intravenous in- 
jection over a 2 hour period. The blood and urine 
amino acid, urea and nonprotein nitrogen were 
determined at the end of injection and at intervals 
thereafter. Later, while the subjects were on the 
same diet, but with the diabetes completely con- 
trolled with insulin, the injections were again re- 
peated in a similar manner. Insulin had no sig- 
nificant effects on the blood amino acid, urea or 
nonprotein nitrogen curves or on the urinary ex- 
cretion of these substances. The extra urea in 
blood and urine presumably formed from the 
injected amino acids was approximately the same 
in the treated as in the untreated group. There 
were no appreciable differences between the re- 
sponses to glycine or alanine. 

Our experiments are interpreted as indicating 
that insulin does not directly influence amino acid 
metabolism in diabetes mellitus. 

The effect of intravenous administration of 
vitamin A. Alfred E. Koehler and Elsie Hill. 
Sansum Clinic and Santa Barbara Cottage Hospital, 
Santa Barbara, Calif. A highly dispersed col- 
loidal solution of vitamin A can be prepared by 
dissolving the pure crystalline vitamin in a snnil 
quantity of propylene glycol and then pouring the 
solution into water, normal saline, or isotonic glu- 
cose solution. Such a colloidal solution containing 
as much as 100 mgm. (300,000 I.U.) can be given 
intravenously at constant rate over a 2 hour period 
without any apparent untoward effects to human 
subjects. Injections were given to 14 subjects, 
some with a low vitamin A intake and others with a 
normal or above normal intake. Several subjects 
had as many as 4 injections over weekly intervals. 

The changes in blood serum concentration o 
vitamin A were followed by spectrophotomctric 
absorption studies for 48 hours. In general t ic 
injected vitamin A was removed so rapidly froui 
the blood stream that little or no increase of t ic 
vitamin could be detected regardless of the pre 
vious level of vitamin A intake or the initial b oo( 
serum level. . 

Repeated injections, or prolonged oral aaminis^ 
tration of vitamin A may raise the fasting Ic' a ® 
vitamin A in the serum but only up to 
levels, usually less than 100 gammas per 1 

Spectrophotometric studies of the blood scru 
lipids, saponified in an atmosphere of nitrone > 
gave no indications that after the intraxeno 
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injection of vitamin A any alteration in tlie ultin 
violet absorjUion Kiicetvnm occvirvcd due to the 
formation of new comiiounds. 

Quinine administration during progressive vi- 
tamin B complex deficiency. GkanviuC. Kyker. « 
Dcpl. of Biologknl Chotiislry, School of lifrdicinc, 
Univ. of Norlh Carolina, Chapel Hill. Defin- 
ite knowledge explaining the metabolism of quinine 
is lacking. Such information is highly significant 
in advancing studios on antimalarials and malaria. 
This study intended the testing of a possible course 
of metabolic degradation of quinine involving 
preliminary interaction with certain members of 
the vitamin B complex, which members and reac- 
tions bear analogy in certain established metabolic 
processes. 

To twelve rats of weaning age doses o 20 mgm. 
of quinine per kgm. of body weight were 
administered daily throughout the experimental 
period. During the first experimental period the 
diet was free from vitamin B complex. To this, 
yeast and liver were added liberally after severe 
deficiency symptoms appeared. All urine from 
each cage was collected daily, pooled and analyzed 
twice weekly for quinine. Thus average daily ex- 
cretions were followed during the progress of 
developing deficiency symptoms, the recovery 
from the same, and to maturity. 

The percentage of the dose which was excreted 
decreased with progression of the deficiency, re- 
mained low for three to five days after liver and 
yeast supplement, then rose rapidly for about two 
weeks and was more irregular after considerable 
growth was accomplished. 

In another series, total excreta were collected 
together in which the total quinine output re- 
mained about the same throughout. 

This suggests a relationship between absorption 
of quinine and vitamin intake. Work to establish 
fecal and urinary excretion and the member of the 
B complex bearing on the absorption and metab- 
olism of quinine is being continued. 

Photodecomposition of quinine. GnANVin C. 
Ktker and W.E. CoRNATZER. Dcpl. of Biological 
Chcrnislry, School of Medicine, Uniti. of Norlh 
Carolina, Chapel Hill. Reference to the instabil- 
ity of quinine standard solutions when exposed to 
light hag been mentioned by several investigators. 
Preliminary' confirmation of this was made pre- 
viously by one of us (G. C. K.). This study was 
designed to reveal something of the nature of the 
photodocomposition . 

Nine series of 0.5 per cent qvnnine hydrochloride 
solutions were prepared, each differing only in their 
solvents, ns follows; (1) 50 per cent alcohol made 
slightly alkaline, (2) water, (3) 0.03 N HCl, (4) 
O.OG N HCl, (5) 0.125 N HCl, (G) 0.25 N HCl, 
(7) 0.5 X HCl, (S) 1.0 X HCl, and (9) 2.0 X IICI. 
Each series contained several idontic.al members. 


One member from each scries was removed simul- 
taneously from exposure to direct sunlight. Vari- 
able exposures of each of six members of each series 
were: 6, 10, 20 hours, 1 week, 1 month, and 3 
months, T'hc quinine content of each. was ex- 
pressed by (a) direct silicotungstato formation and 
estimation, (b) ether extraction and silicotungstato 
estimation, and (c) optical rotation. 

Stability ns judged bj' each of the methods varied 
but optimum stability was observed by all metiiods 
in series (4). This optimum rras not sharp and 
gvadiently decreased in either direction. Fifty 
per cent decomposition occurred in one week in 
scries (1) and (9) and after three months in 
series (4). 

Continuance of the study through extended 
exposures, with the tracing of the decomposition 
from the beginning with a photofluorometer, is in 
progress. 

Quinine analytical interference studies. 
Granvil C. Kyker and Dorothy Plonk. Dept, 
of Biological Chemistry, School of Medicine, Univ. 
of North Carolina, Chapel Hill. The study of 
the response of cinchonas to the photelometric 
estimation of quinine reported previously (Fed. 
Proe. 1: no. 1, 120, 1942) was extended to cover 
other cinchonas and derivatives, various non- 
cinchona alkaloids, synthetic anti-malarials, syn- 
thetic drugs which may or may not be adminis- 
tered with quinine, and some nitrogenous bases 
whose structure is a part of the quinine structure. 
The object has been two-fold: (1) to provide data 
for evaluating analytical quinine data when quin- 
ine is given impure or jointly with another drug' 
and (2) the application of the quinine method to 
other substances. The procedure was identical 
to that of the previous report which described 
comparatively quinine, quinidine, hydroquini- 
dine, and cinchonine. 

Cinchonidine, quitenine, nicotine, strychnine, 
narcotin, cocaine, thiamin, and novacaine each 
gave stable silicotungstates and curves similar to 
and approaching the quinine concentration curve. 
Caffeine, quinoline, pyridine, antipyrine, and mor- 
phine constitute a second group which gives smooth 
curves but at higher concentrations — the minimal 
determinable concentrations being approximately 
110, 35, 275, 50, and 120 mg. per liter, respectively. 
Choline, theobromine, pyridoxine, nicotinic acid, 
and barbital gave no insoluble silicotungstates 
with standards below 50 mg. per cent. The yellow 
colors of acid solutions of plasmochin, atabrine, 
and colchicine render these unadaptable to study 
by the quinine method. Santonin, riboflavin, and 
cinchophen yielded no suitable standards for study 
because of their insolubility. The extractability 
of the above compounds according to the quinine 
procedure is mainly completed, continues in prog- 
ress, and will be reported later. 
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The metabolism of d-ribose. IlAnoY W. Lar- 
son, Phoebe J. Bradshaiv, Mary E. Eaving, 
Susan D. Saavyer and N. R. Blatheraahck. 
Melropolilan Life Insurance Company, New York 
City. (/-Ribosc, a commercial product conform- » 
ing to the accepted standards of purity, aa'os given 
by stomach tube and by intrapeidtoneal injection 
to female albino rats Aveighing from 165 to 200 
grams. After a preliminaiy fast of 24 hours, 2 cc. 
of a 25 per cent solution of the sugar Avere ad- 
ministered. Absorption \A’as allowed to proceed 
for 3 hours AA'hen the tissues AA’ere removed and 
analyzed according to the technique of this labo- 
ratory. 

Increases in liver glycogen occurred after both 
forms of administration but Avere significant only 
after intraperitoneal injection. Simultaneous sig- 
nificant decreases AA^ere found in muscle glycogen. 
Significant decreases in the lactic acid content of 
liver and muscle and in the fermentable reducing 
substances of liver, kidney and muscle resulted 
after oral administration. A significant decrease 
in blood glucose folloAA'ed the injection of the pen- 
tose. Significant decreases in the non-ferment- 
able reducing substances of muscle and blood AA'cre 
observed after oral administration. The non- 
fermentable reducing substances of liver and kid- 
ney increased significantly after injection. An 
average coefficient of absorption of 7 mgm. per 
100 grams per hour was obtained AAdien 1 cc. of a 
25 per cent solution of the sugar AA’as given by 
stomach tube. 

Properties of alfalfa pectinesterase (pectase). 
Hans Lineaveaver and Gerald A. Ballou. 
Western Regional Laby., Bureau of Agricultural 
Chemistry and Engineering, Agricidtural Research 
Administration, USD A, Albany, Calif. The 
activities of dialyzed preparations of pectin- 
esterase prepared from alfalfa (and also from 
other sources) have been found to be increased 
about 30-fold by the addition of various salts. 
With 11 inorganic salts, the maximum activity 
values varied only about 10 per cent; hence ac- 
tivation is apparently not dependent on any 
specific salt. HoAvever, the initial slopes of ac- 
tivity-versus-salt-concentration curves and the 
optimum salt concentrations depend chiefly on the 
cations. Initial slopes for Ca, Mg and Mn, and 
K and Na ions AA^ere 20, 7, and 1, respectively, 
while optimum concentrations of these ions AA’ere 
about 0.025M, 0.05M, and 0.15M. Although the 
cations maj’ affect either the enzj’me, substrate, 
or both, it is probable that a considerable part of 
the activation is due to interaction betAA-een the 
cations and pectin. This vicAA’ is supported by the 
obserA’ation that cations cause a similar but less 
striking increase in the rate of chemical dc-esteri- 
fication (pH 9.0) of pectin. 

At optimum salt concentration a high specific 


hydrolytic activity (based on equivalents of bonds 
split per mg. of enzyme protein nitrogen) com- 
parable Avith that of the crystalline proteolytic 
enzjuncs laas been obtained. The enzyme de- 
esterifics pectin at least several hundred times as 
fast as it docs cither methyl-a-D-galacturonate or 
o-methyl-D-galacturonide methyl ester, although 
all three compounds are de-esterified chemically at 
nearly the same rate at pH 9. 

Antigenic properties of native and regenerated 
bovine albumin. D. S. Martin, J. 0. Ericksox 
and Hans Neur.ath. Depts. of Bacteriology and 
Biochemistry, Duke Univ. School of Medicine, 
Durham, N . C. Quantitative precipitin measure- 
ments AA'ere carried out on seia obtained by im- 
munization of groups of rabbits against A, natiA'e, 
carbohydrate-eontaining boAune albumin; B, the 
same protein regenerated from 8 M solutions of 
urea, and C, guanidine hydrochloride (Putnam, 
Erickson, Volkin and Neurath, Fed. Proc. 2: 
000, 1943) : D, native, crystalline, carbohydrate- 
free bovine albumin (obtained through the cour- 
tesy of the Dept, of Physical Chemistry’, Harvard 
Medical School). Precipitin measurements AA’ere 
carried out to determine 1, the influence of im- 
munizing dose and nature of antigen on the pre- 
cipitin titer, and 2, the degree of specificity. 

The antisera shoAA'ed such marked variations in 
antibody titer that the range of doses injected (10 
to 80 mgm. protein per kgm. body AA’eight) could 
not be correlated Avith the degree of precipitin 
response. Precipitin titers elicited by injections 
of antigen 0 Avere loAver than those produced by 
antigens A and B, AA’hereas those elicited by antigen 
D were loAA’er still. Anti-C rabbit sera (average 
of 24 rabbits) combined optimally with 0.113 mgm. 
antigen per cc., anti-B sera AA’ith 0.274 mgm., anti-.‘^ 
sera AA’ith 0.383 mgm., and anti-D sera (6 rabbits) 
Avith 0.026 mgm. of homologous antigen. All anti- 
gens were immunologically equivalent, and in no 
instance AA'ere anaphylactic reactions observed. 

While the presence of carbohydrate in prepara- 
tions A, B and C may be responsible for their 
higher antigenicity, it appears significant that for 
all antigens the antigenicity decreased AA'itli in- 
creasing susceptibility to try’ptic hydrolysis. 
generation or purification did not impair the anti- 
genic specificity of bovine alburnin. 

Determination of volatile fatty acids in bloo 
J. F. McClendon. Research Laby. of Physiolog>Jt 
Hahnemann Medical College, Philadelphia- 
pj’rex still, condenser and trap arc united 
fusing the glass and the still is filled and cmpbc' 
through the opening for admitting 
cubic centimeters of blood are spurted into 
of 2 per cent zinc sulfate and refrigerated, f 
cubic centimeters of the top arc measure 
pipet and mixed in a centrifuge tube AA'itli 2 cc- 
N NaOH and spun. Seven cubic centimeter 
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the clear liquid are mixed in the still with 0.5 cc. 
of purified syrupy phosphoric acid. The still is 
immersed in a glycerol bath at 110° while steam is 
passed through it and 30 cc. of distillate collected 
in a 50 cc. pyrex crionmeyer flask. Air (passed 
through a potash bulb and permutit suspension) 
is bubbled through the distillate plus 3 drops of 
0.04 per cent brom thymol blue for 10 minutes and 
during the titration. The distillate is titrated 
with 0.01 A' CO:-frco NaOH in a buret graduated 
in 0.001 cc. and tip immersed (in front of a day- 
light fluorescent lamp and flashed opal diffuser) 
to the color of a standard flask containing 30 cc. of 
COj and NHs-free distilled water plus indicator 
and 1 mg. of sodium acetate. The titre of 30 cc. 
of distillate (free from volatile fatty acid) is sub- 
tracted from each determination. Quadruplicates 
can be run as the erythrocytes settle (or are cen- 
trifuged). No change has been noted in several 
days. .A battery of 4 stills is run at the same time. 

The excretion of vitamin A in dog urine. Agkes 
Fav Morgax and Lilliax S. Bentlet. Lahy. of 
Home Economics, Univ. of California, Berkeley. 

■ The excretion of vitamin .A in dogs’ urine has 
been studied in the hope that it may bo useful 
in determining the conditions which govern the 
utilization of beta carotene. Since liver damage 
produced by heated protein diets may interfere 
with transformation of carotene into vitamin A 
such diets were employed in this experiment. 

Six young dogs fed heated and raw' casein-con- 
taining diets were depleted of vitamin A and were 
found to excrete no vitamin A. Increasing 
amounts of beta carotene up to 3330 I.U. per kgm. 
per daj' were then given the dogs but in no case was 
urinar 3 ' vitamin A found. When 13000 I.U. vita- 
min A in gray fish liver oil was given, the dogs on 
raw diet excreted vitamin .A at once but those on 
heated diet did not even after 3 to 4 months. 
Desoxycholic acid was given with carotene and 
raw diet for 3 months in one case without result but 
in another, when given with vitamin .A and heated 
diet, after 3 months a sm.all .amount of vitamin A 
appeared in the urine. 

Older dogs never depleted of vitamin .A, and fed 
a normal raw casein diet, excreted 1000 to 9000 
I.U. per daj' but j'oung dogs under similar con- 
ditions excreted very little. The urinary vitamin 
A appears therefore to represent a masBivc ac- 
cumulation mainly in the liver and this accumula- 
tion is dependent upon the intactness of the liver, 
particularlj' when carotene is fed. [Aided hy a 
grant from Sicift & Co.] 

Efficiency of aerobic phosphorylation in cell- 
free tissue extracts. Sevebo Ochoa. Dept, of 
Medicine, Ncio York Univ., and Medical Service 
of the Psychiatric Division, Bcllcvnc Hospital, 
Hciv York City. When glucose, creatine, or other 
phosphate acceptor is added to respiring tissue 


preparations inorganic jihosphatc disappears and 
the acceptor is phosphorylatcd. This so-called 
aerobic phosi>horj'Iation is proportional to the oxy- 
gen consumption. It has been shown with di- 
alj'zcd brain extracts (S. Ochoa, J. Biol. Chem. 138: 
751, 1941) that phosphorylation of either hexosc 
monophospliato or glucose to hexose diphosphate is 
linked with the oxidation of pyruvic acid, and 
occurs only in the presence of adenylic acid or 
adenosine triphosphate (ATP). This is the result 
of (1) phosphorylation of adenylic acid or adeno- 
sine diphosphate to ATP linked with the oxidation, 
and (2) transfer of phosphate from .ATP to the 
acceptor. Adenosine triphosphatase, which is 
present in the extracts, interferes w'ith (2); hence 
the P/0 ratio of 2 previously obtained, i.o., 2 
atoms of phosphorus esterified for every' atom of 
oxygen consumed, is probably too low. 

Bj' comparative measurements of the esterifica- 
tion caused by the dismutation between triose 
phosphate and pj’ruvatc w'ith tliat produced by 
oxidation of pj'ruvatc in cat heart extracts it lias 
now been found that the true value of the P/0 
ratio of pyruvate oxidation is, 3. Thus the com- 
plete oxidation of 1 molecule of py'ruvate bj' 2.5 
molecules of oxygen can bring about the esterifica- 
tion of 15 atoms of phosphorus. 

Comparative hematopoietic values of certain 
dietary proteins. zVune Underhili. Ortex and 
James M. Orten. Dept, of Physiological Ckctnis- 
try, Wayne Univ. College of Medicine, Dclroil. 
The effectiveness of different dietary proteins for 
hemoglobin and erythrocyte formation is being in- 
vestigated in albino rats fed a synthetic diet. The 
proteins arc fed at two levels, 18 and 2,8 per cent, 
respective!}’; the remaining dietary constituents 
supply adequate amounts of all other known es- 
sentials. The hematopoietic value of the various 
proteins is being determined by (1) their ability 
to maintain hematopoiesis over an experimental 
period of 120 days, and (2) their efficacy in pro- 
moting hemoglobin and erythrocyte regeneration 
in hemorrhagic anemia produced by a standard- 
ized procedure. 

Hats given IS per cent of protein as lactalbumin 
showed excellent growth and maintained normal 
hemoglobin and erythrocyte values, whereas those 
fed 2.S per cent of protein grew only slightly and 
developed a chronic anemia. Animals given IS 
per cent of protein as a specLal mixture of milk and 
whole blood solids also showed good growth and 
normal blood values. When this mixture was 
fed at the 2.S per cent level, however, gradual loss 
of weight occurred and a severe anemia developed, 
followed by death in many animals. The feeding 
of IS per cent of protein ns beef blood solids re- 
sulted in very poor growtii and the maintenance of 
low normal blood values ; when fed at the low level. 
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Inactivation of codehydrogenase I by alkali. 

P. ScHLENK. Vnip. of Texas, Medical Branch, 
Galveston, and M.D. Anderson Hospital for Cancer 
Research, Houston. It lias been shown recently 
{P. Handler and J. R. Klein. J. Biol. Chem. 143 : 
49, 1942) that the inactivation of codehydrogenase 
I by animal tissues in vitro yields, besides nico- 
tinamide, a product .which consists of ribosephos- 
phoric acid and adenylic acid (degradation product 
nr. 1). It has been, found in this laboratory tliat 
the same compound can be obtained by alkaline 
hydrolysis. Whereas alkaline hydrolysis at 100° 
yields adenosinediphosphijte and adenylic acid, 
hydrolysis at 0 to 2° in 0.1 N NaOH for 16 to 20 
hours yields 70 to 80 per cent of the degradation 
product nr. 1 consisting of adenine, 2 mol. of pen- 
tose, and 2 mol,, of phosphoric acid. In addition, 
10 to 15 per cent of adenylic acid or adcnosinedi- 
phosphate is formed) and 80 to 90 per cent of nico- 
tinamide is liberated. Ten to 15 per cent of 
codehydrogenase remains unchanged. Prolonged 
hydrolysis results in further breakdown of degra- 
dation product nr. 1. 

The isolation may .be carried out bj’- fractional 
precipitation as lead, barium, and silver salts. 
Obviously, this compound dias no codeh 3 ''drogenase 
activity. It cannot replace adonosinediphosphate 
as phosphate transporting coenzyme, since the 
position which is reserved in the latter for a third 
phosphoric acid radical is occupied bj" ribose. 

Products of salt-catalyzed hydrogen peroxide 
oxidation of , carbohydrates. Fay Sheppard, 
Mark R. Evereiy and Clifford F. Gastineau. 
Dept, of Biochemistry U.niv. of Oklahoma School 
of Medicine, Oklahoma City. Hj^-drogen peroxide 
gave the following products in 1 per cent carbo- 
hydrate solution within 30 minutes at 25° C. With 
4 molar equivalents of potassium bicarbonate, sugar 
alcohols gave 2 to '8 per cent aldoses; d-fructo-1- 
uronic acid: 65 per cent non-reducing acids; d- 
glucosamine ; an aldose, less uronic acid ; rf-glucono- 
lactone: 23 per cent d-arabinose, less d-fructo-1- 
uronic acid, no glucosone or ketosc; d-raannono-, 
d-gulono- and d-galactono- lactones : analogous 
products ; six pentonolactones : 16 to 29 per cent 
reducing material (aldotetroscs, kcto-l-uronic 
acids); 1-fuconolactone : a keto-l-uronic acid. 
Uronic acid tests were negative for oxidized Z-rham- 
nono-, d-glucoheptono- and digitoxono- lactones. 

With 0.1 molar equivalent of ferrous sulfate, 
hexitols gave 50 per cent aldoses, traces of uronic 
•acids and ketoses, no nsone; glj^ccrol: 25 per cent 
gh’cerose; d-glucose: 40 per cent non -fermentable 
reducing material (partlj" uronic acid), non-re- 
ducing acids; no osone; .d-fructose: 50 per cent 
unfermcntable • ketosc, non-reducing acids, no 
uronic acid; d-fructo-l-uronic and d-galacturonic 
acids : 75 and 65 per cent non-reducing acids, re- 
spectively; d-glucosamine : an aldose; d-saccharic 


acid : 33 per cent unidentified reducing substance; 
d-gluconolactone : 22 per cent d-arabinose, 12 per 
cent keto-l-uronic acid and keto derivatives, non- 
reducing acids, no osone; other hexonic lactones; 
analogous products ; pentonic lactones': 21 to 3S per 
cent reducing material (aldotetroscs, kcturonic 
acids). 

With 2 molar equivalents of cupric sulfate, hexi- 
tols gave 20 per cent reducing material (mosti.v 
ketoses, no uronic acid) ; d-glucose : 10 per cent 
uronic acid, glucosone (fermentable by Somogyi 
technique) ; d-gluconolactone : 34 per cent reducing 
material (15 per cent keturonic acid, alduronic 
acid, aldose, no ketose or osone). 

Composition of blood and bone in relation to 
diet. Albert E. Sobel, Morris Rockenm-l 
CHJun and Benjamin Khameb. Pediatric Research 
Laby., The Jetvish Hospital of Brooklyn. The in- 
organic composition of bone may be e.xpressed 
as [Caj (P 04 ) 2 ]n- CaCOa where n is between 2 and 
3. It has been observed that n decreases with 
age, in rickets and in a pathological condition 
called “marble bones” (osteopetrosis). 

In our experiments an attempt was made to inter- 
relate the variation of n to the ratio of serum cal- 
cium to inorganic phosphorus. This ratio is influ- 
enced by the dietary calcium and phosphorus. It 
was found that the bones of rats fed high calcium 
low phosphorus diets had significantly higher car- 
bonate to phosphate ratios tlian the bones of rats 
on high phosphorus low calcium diets. The rats 
receiving vitamin D supplements had denser bones, 
but the carbonate to phosphate ratio in the bones 
was similar to those not receiving this supplement- 

The ratio of serum calcium to inorganic phos- 
phorus was higher in the high calcium fed group 
than in the high phosphorus fed group. These 
differences prevailed in the vitamin D fed rots but 
were less marked. The serum Ca x P products, 
however, were higher, explaining the increasec 
density of the bones. 

It was suggested that the tlietary calcium-to- 
phosphorus ratio influences the carbonate to phos- 
phate ratio of the bones. These results mn> h® 
explained in part, by the serum calcium, inorganic 
phosphorus and carbonate levels obtained. 

Brain phosphatidase. Warren M. SrEntti- 
Depls. of Biochemistry, the New York State s’j 
chiatric Inst, and Hospital and Columbia Um<'! 
Ncio York City. A decrease in the tot.al plio-S' 
phorus extracted b}'' lipid solvents during incu 
tion of emulsions of rat brain tissue in saline car 
bonate buffer for 4 hours was described in a rc^'cn 
report (Proc. Div. Biol. Chem., Amer. Cliem.._oc.. 
B5, Buffalo, 1942). Further study of this clicc 
jdelded the following results: (a) A , 

larger change was usually^ observed when t le 
of incubation was increased to 20-24 hrs. 
the experiments reported here), (b) - " ‘ 
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sistent effect of slinking in the IVarbiirg apparatus 
during the first 5-G hours of incubation could be 
demonstrated; in the majority of eases shaking 
appeared to exercise an adverse influence, (e) 
The magnitude of the decrease in extraetible jihos- 
phorus was diminished, usually by over half, by 
heating the emulsions in boiling water for 5 min., 
or at G0° for 1 hr. Complete inactivation usually, 
though not always, followed heating in boiling 
water for 10 min. (d) The response in 5 day old 
rats was the same as in adult rats, (c) The effect 
was usually greater in emulsions made in Krebs’ 
carbonate solution than in a solution containing 
NaCl and carbonate only, but the difference was 
not statistically significant, (f) Emulsions made 
in water showed no activity ; a result which sug- 
gests tliat intact cellular structures are necessary 
for phospliatidaso action, (g) Brain tissue which 
had been ground to a paste in a mortar and sus- 
pended in saline carbonate buffers gave the same 
result as did the emulsions. 

X-ray diffraction studies on urea-treated pro- 
teins. Moxa Spiegel-Adolf and GEonoE C. 
Hexnv. Depts. of Colloid ChcmislTy and Physics, 
Temple Univ. School of Medicine, Philadelphia. 
Former attempts were continued to analyze the ef- 
fects of heat, short-wave light, x-rays, alcohol, etc., 
upon different kinds of proteins by x-ray diffraction 
methods. To this purpose our studies were ex- 
tended in the action of urea upon serum albumin 
and pseudoglobulin. 

In a preliminary investigation it was shown that 
the amount of protein which loses its water solu- 
bility after 24 hours of contact with urea of G.6G 
M varies with the kind, concentration, and pH of 
the protein used. After protracted dialysis and 
electrodialysis (N. F. Burk, J. Biol. Chem. 98: 
353, 1932) pseudoglobulin as well as albumin could 
be separated into a water soluble and a water in- 
soluble fraction. After drying and pulverization 
of these fractions x-ray diffraction studies were 
made with the following results : 

All water-soluble fractions showed the patterns 
of undenatured proteins while the insoluble ones 
were characterized by a marked sharpening of the 
back-bone reflection. The latter findings confirm 
previous results of Astbury. Upon treatment of 
the water-insoluble urea-treated albumin fraction 
with alkali, subsequent neutralization, purifica- 
tion, and drying, the sharpening of the backbone 
reflection disappeared. No such reversal of the 
changes in the x-ray diffraction pattern of water- 
insoluble urea-treated pseudoglobulin could be 
elicited by an analogous treatment. The similar- 
ity of these findings with changes observed in 
heat-denatured proteins is obvious. (J. Phys. 
Chem. 45: 931, 1941). Studios are under way to 
ascertain how far the reversibility of the clianges 
in the x-ray diffraction pattern correspond to 


changes in other physico-chemical properties of 
urea-treated serum albumin. 

Determination of atabrine in tissues. Elmer 
Stotz, j. M. McKibbin, D. M. Hegsted and F. 
J. Stare. Schools of Medicine and Public Hcallh, 
Harvard Unit'., Soston. Atabrine can be ex- 
tracted from tissue suspensions by certain organic 
solvents and its acid salt returned to aqueous solu- 
tion. A yellow color and a fluorescence serv'e for 
its estimation. 

A 1 to 4 ml. sample of tissue homogenate (0.25 
g./ml.) is treated with 2 ml. of 10 per cent sodium 
desoxycholate and 5 to 6 drops of 40 per cent KOH 
to obtain a colloidal dispersion. Extractions with 
successive 10 ml. portions of ethyl ether are per- 
formed by passing a stream of air into the mixture 
through a capillary tube. The combined ether 
extract is evaporated to 1 to 2 ml. Ten ml. of 
petroleum ether is added, followed by^ extraction 
with two 5.0 ml. portions of 2 N. HCl. A white 
precipitate, if it occurs, may be filtered off. 

The atabrine is determined with the photoelec- 
tric spectrophotometer at X= 430 m^t if the solu- 
tion is colored. It colorless, the fluorescence is 
measured in a fluorometer using “riboflavin” 
filters, 1 microgram of atabrine giving a deflection 
of approximately 10 divisions. Standard atabrine 
solutions are prep.ared in 2 N. HCl. Added ata- 
brine, from 1 to 100 micrograms, is recovered in 85 
to 100 per cent of theory. Tissue atabrine values 
per unit weight of tissue are independent of the 
amount of tissue used for analj^sis. A variable 
blank fluorescence from the tissues can be esti- 
mated on the same analytical sample by subsequent 
addition of a drop of 1-to-lOOO bromine water which 
rapidly destroys the atabrine fluorescence without 
affecting the blank fluorescence. 

l-amino acid oxidase of proteus vulgaris. P. 
K. SxuMPrand D. E. Green. Depls. of Medicine 
and Biochemistry, College of Physicians and Sur- 
geons, Columbia Univ., Hew York City. Proteus 
vulgaris contains an enzyme which catalyses the 
oxidative deamination of some twelve I amino 
acids. One atom of oxygen is consumed for each 
molecule of amino acid deaminated, and the prod- 
uct formed is the corresponding keto acid. The 
2,4-dimtrophenylhydrazones of the ketoacids of 
tryptophane, methionine, leucine, norleucine, 
valine, norvaline, tj’rosine, isoleucine and phenyl- 
alanine have been isolated and identified. The 
enzyme can be extracted from the cell by exposing 
the bacterial suspensions to sonic vibrations, cen- 
trifuging off and discarding insoluble material. 
The cell-free soluble enzyme is stable during purif- 
ication by salt fractionation. 

The Proteus enzyme attacks only the I forms of 
the amino acids. Phenylalanine, methionine, 
norleucine, leucine, tyrosine, tryptopliane and 
norvaline are the most active substrates; valine. 
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isoleucine and histidine are less active whereas 
arginine and alanine are still less active. The 
dicarboxylic and the diamino amino acids (argin- 
ine excepted), prolinc, hj'droxyproline, glycine 
and /9-alanine are attacked immeasurablj’’ slowly 
if at all. 

Oxj'gen can be replaced by hj'drogen acceptors 
such as methylene blue. The reaction with molec- 
ular oxygen is cyanide-sensitive but the cyto- 
chrome system is not involved. The purified 
enzyme preparation has been found to contain 
bound flavinadenine dinucleotide. 

The equivalent of the Proteus I amino acid en- 
zyme has been found in other bacteria such as 
Aerobacter aerogenes and B. pyocyaneus but not 
in B. coli, haemolytic Streptococcus and others. 
The Proteus Z enzyme differs from its analogue 
isolated from rat kidney and liver in that it is sensi- 
tive to capryl alcohol and relatively insensitive 
to ammonium ions. 

Effect of 2-methyl-l, 4-naphthoquinone on the 
metabolism of isolated animal tissues. ' William 
H. StJMMERSON. Dept, of Biochemistry, Cornell 
Univ. Medical College, New York City. In the 
presence of 2-methyl-l, 4-naphthoquinone at a 
concentration of approximately lx 10"‘ M,, rab- 
bit exudate leucocytes respiring in Ringer-bicar- 
bonate-glucose medium show an inhibition of 
aerobic lactic acid production of 50 per cent or 
more. At the same time, there is a 10-15 per cent 
increase in the rate of oxidative metabolism, and a 
slight rise in R.Q. Rabbit bone marrow slices 
show the same general effect. Rat liver slices 
show an increased oxygen uptake and a decreased 
utilization of lactate, but no significant change in 
R.Q. 

Anaerobically, the conversion of added glucose to 
lactic acid by leucocytes is completely inhibited 
in the presence of the methyl naphthoquinone, 
but the endogenous glycolj'sis of both leucoeytes 
and liver is not affected. 

The effect of the methyl naphthoquinone is not 
sustained, falling off with time. This may be due 
to inactivation by combination with cell proteins, 
presumably through tlie — SH groups present, since 
the deep yellow protein-methyl naphthoquinone 
complex obtained from leucocj'tes is spectropho- 
tometrically verj' similar to the yellow compound 
formed when the quinone reacts with cysteine 
under similar conditions. The possible relation 
between the action of the methjd naphthoquinone 
on cell metabolism and its ability^ to react with 
compounds containing the — SH group under 
physiological conditions is being studied further. 

The proteolytic and amylolytic enzyme systems 
of soybeans. Henry Tauber and Stephen 
L.\ufer. Research Dept., Schicarz Lahoralories, 
Inc., New York City. By extraction of defatted 
soj'bcan with 4 volumes of 30 to 50 per cent glycerol 


for 24 hours at 30 °C. a fairly active proteolytic 
enzymie system was released. Germination from 
6 to 12 days resulted in a very considerable increase 
in proteolytic activity. The proteinase was ac- 
tivated by sodium sulphite indicating that it is a 
papainase. The optimum pH of the proteinase is 
6.78 with casein, and 7.20 with gelatin as substrate, 
using sodium citrate as buffer. We propose the 
name “Soyin” for this proteinase. 

Soybeans are one of the best beta-amylase 
sources. They are known to contain only a trace 
of alpha-amylase. We found, however, that by 
extraction with 30 per cent alcohol and fractional 
precipitation of the filtrate with 95 per cent alcohol 
a preparation could be obtained that showed in 
addition to high beta-amylase, fair alpha-amylase 
activity. Our observations were similar with 
barley, which is known to be free or almost free 
from alpha-amylase. We found that soybeans 
differ from barley in that they do not contain 
bound beta-amylase. We also confirmed the 
observation made by others to the effect that soy 
beans produce only.a trace of alpha-amylase during 
germination. The optimum pH of soy beta-amyl- 
ase is 5.9 with sodium citrate as the buffer. A 
quantitative study of various amylase sources has 
been made. 

Xanthopterin and vitamin M deficiency in mon- 
keys. John R. Totter, Carroll F. Shukers, 
Jack Kolson, Virginia Mims and Paul L. D.^y. 
Univ. of Arkansas Medical School, Little Hock. 
Five rhesus monkey’s were fed vitamin M-deficient 
diets as previously’ described (W. C. Langston d 
al., J. Exper. Med. 68: 923, 1938), adequately sup- 
plemented with ascorbic acid, thiamin, nicotinic 
acid and riboflavin. As additional daily supple- 
ments, two animals received 100 mgm. of inositol, 
50 mgm. of choline, 25 mgm. of p-aminohenzoic 
acid, 1 mgm. of pyridoxine and 10 mgm. of Ca pan- 
tothenate ; one received 25 grams of banana, an( 
one 20 grams of fresh beef ; the fifth received 3 
grams of liver pow'der, prepared by heating fics i 
liver in an oven at 100°C. for 24 hours (the equiva- 
lent amount of untreated liver is fully protective). 
All animals eventually developed cytopenia. After 
the inadequacy of each supplement was amp ) 
demonstrated, four of the animals w’crc ghau 
synthetic .xanthopterin in' daily doses of 2.o- 
mgm. This therapy resulted in rcticulocy c 
responses of 1.5-4. 5 per cent (usual rcticulocy c 
range, 0. 2-0.4 per cent) in 3-6 days, which as cc 
2-5 days. White and red cell counts incrcasct 
normal in 3-13 days and remained norm.al for vnrj^ 
ing periods. Only in the animal receiving hca v 
liver did the xanthopterin appear to restore icm^^ 

cytopoietic function for an extended period. - 

71 day’s the white and red cell counts . 

normal and cess.ition of xanthopterin t 
resulted in a prompt return of the cytop( 
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Resumption of xnnthoptorin feeding elicited a 
iccond resiMiisc similar to the first. 

Thb results suggest that xanthopterin is required 
hy the monkey for hcmocytopoiosis, but unidenti- 
fied substances are also necessary to jjrevcnt vita- 
min M deficiency. [Aided by grant from (he A^n- 
[ional Research Council Conimillcc on Meat Board 
Grants. ] 

Growth, reproduction and lactation in several 
generations of rats maintained on highly purified 
diets. Leon.vkd .1. Yixsox and Leopold R. Cere- 
CEDO. Dept, of Chemistry, Fordham Unir., New 
York City. Growth, reproduction and lactation 
311 highly purified diets were studied on two 
strains of rats, Wistar and Long-Evans, through 
several generations. The basal ration liad the 
following percentage composition : Purified casein, 
30; salt mixture, 5; Ruflex, 2; lard or Crisco, 10 
(ora combination of both, 15) ; and sucrose, to make 
100 per cent. This ration was supplemented with 
the following vitamins, added per kilo of diet : 
thiamin, 20 mgm.; Riboflavin, 20 mgm.; [lyridox- 
ine, 20 mgm.; pantothenic acid, 40 mgm,; choline 


chloride, 500 mgm.; alpha-tocopherol, 20 mgm.; 
and vitamin .A and D concentrate, 40 mgm. 

The Wistar rats have been raised through four 
generations on this ration. The growth rate of 
these animals was at least as good as that of the 
controls kept on Purina dog chow. In many in- 
stances, it was observed to be even superior. The 
growth of the fourth generation rats compared 
favorably with that of the first generation. Of a 
total of 52 litters born, 33, representing 188 young, 
were successfully weaned. 

Similar results were obtained with the Long- 
Evans rats, four generations having been raised. 
The growth of these animals n-as better than tliat 
of the controls oi) Purina dog chow. Nineteen 
litters were born, of which 12, totaling 75 young, 
were weaned. 

An interesting observation Itas been made in both 
strains: invariably during lactation the mothers 
lost considerable weight, which, however, was re- 
gained when they were separated from their young 
after weaning. 
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Influence of morphine and l-methyI-4-phenyl 
piperidine-4 carbonic acid ethyl ester HCl (dem- 
erol) upon the uterine contribution to the intra- 
uterine pressure of hypertonic and normal uteri 
of pregnant humans at various periods of gesta- 
tion. B. E. Abbetj, R. A. Woodbury and (by 
invitation) P. H. Fried and R. Torpi.v. Depis. of 
Physiology and Pharmacology and Obstetrics and 
Gynecology, Univ. of Georgia School of Medicine, 
Augusta. Pressures were determined by tech- 
niques previously described (.Am. J. Physiol. 121: 
040, 1938). 

At three months gestation a balloon and catheter 
were inserted into the uterus to produce thera- 
peutic abortion. Eight hours iatcr the pressures 
between contractions had increased from 5 to 9 
nim. Hg and during contractions from 7 to 15 mm. 
Hg. Introduction of 100 cc. fluid into the balloon 
elevated tlie uterine tone so tliat pressures were 
22 mm. Hg between and 29 mm. Hg at the height of 
contractions. This hypertonic, hyperactive uterus 
is similar to those of patients threatening toiibort. 
Morphine sulfate 10 mgm., i.v., practically elim- 


inated contractions and reduced the tone so that 
the pressure was 12 mm. Hg, even though the 
uterus still contained the distended balloon. Sim- 
ilar studies Later with demerol in the same patient 
showed that analgesic dosages (100 mgm.) failed 
to significantly decrease uterine tone and activity. 

In other patients at 3 and S months gestation, 
when the introduction of fluid into the balloon liad 
only' slight effects upon the uterine activity and 
tone, single doses of either morphine or demerol 
produced no significant uterine changes. 

At 8 montlis gestation, the uteri of two other 
patients were rendered hypertonic and hyperactive 
by administration of pitocin to one and ergotrate 
to the other. Morphine sulfate 8 mgm., i.v., re- 
duced frequency 25 per cent, tone 33 per cent and 
pressure at the height of contractions 27 per cent. 
Demerol 100 mg., i.m., had no significant effect 
upon uterine tone or activity. 

Morphine and demerol rekix skeletal muscles 
and thus reduce the abdominal contribution to the 
intra-uterine pressure. For the adequ.ato evalua- 
tion of drug action upon uterine activity, it is 
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essential that the uterine and abdominal contribu- 
tions be separated from each other. [This work 
was aided by a grant from Eli Lilly and Company.] 

Toxicological and pathological studies on alpha 
naphthyl isothiocyanate. A. M. Ambeose and 
A. J. Miller (by invitation). Dcpls. of Pharma- 
cology and Pathology, Univ. of Louisville School 
of Medicine, Louisville, Ky. The acute and 
chronic toxicity of alpha naphthyl isothiocyanate 
has been studied for young and adult albino rats. 
For acute toxicity the drug was dissolved in vege- 
table oil and the solution was administered by 
gavage to 4 groups of 10 rats each, and subcuta- 
neously to 4 groups of 10 rats. The doses employed 
were 0.1, 0.2, 0.4 and O.S gram/kgm. The per- 
centage mortality was 10 per cent after 0.1 
gram/kgm. orally and 20 per cent after 0.2 
gram/kgm. subcutaneously. 

For chronic studies S groups of 5 female rats 
weighing 45 to 49 grams each at weaning were used. 
One group served as the control and was placed 
on the basic diet, the composition of which has 
been previously reported (Ambrose. J. Pharmacol. 
76: 245, 1942) and the remaining groups were placed 
on the basic diet which contained 0.007S, 0.0156, 
0.0312, 0.0625, 0.125, 0.25 and 0.5 per cent alpha 
naphthyd isothiocyanate. The experiment lasted 
105 days. In concentrations of 0.125 to 0.5 per 
cent the rats refused to eat and died. In concen- 
trations of 0.0625 per cent there was a slight de- 
crease in growth rate and food consumption as 
compared to controls. In the lower concentrations 
growth rates and food consumption was not sig- 
nificantly different from that of the controls. 

In another series 4 groups of 5 female rats were 
placed on the diet containing 0.0625 per cent of the 
drug for 4, 7, 14 and 2S days. 

Histological studies of all rats receiving the drug 
continuously showed moderate to severe cirrhosis 
of the liver dependent upon the concentration of 
the drug in the diet and the duration of exposure to 
the contaminated food. The damage was perma- 
nent and irreparable since withdrawal of the con- 
taminated food after 105 days and replacing it 
with the control diet for an additional 60 days 
showed no evidence of recession or healing. All 
other organs were indistinguishable from those of 
the untreated controls. 

Reversible binding of atropine by rabbit’s tis- 
sues and blood. R. Bedtner. Dept, of Pharma- 
cology, Hahnemann Medical College, Philadelphia. 
Previous investigations (Bcutner. J. Pharmacol. 
25: 365, 1925) (Beutner and Hyden. J. Pharma- 
col. 35: 27, 1929) have shown that rabbit serum 
binds atropine without entirely decomposing it 
since the unaltered alkaloid can be recovered from 
an alkaloid-serum mixture by diffusion through 
paper after addition of ether, etc. But without 
ether addition atropine in small amounts is pre- 


vented from diffusing by serum protein. This 
binding would account for the refractoriness of 
rabbits to atropine poisoning. LaBarre (J. Phar- 
macol. and Exper. Therap. 26: 259, 1925) had con- 
tested this finding maintaining that atropine was 
entirely decomposed in the liver. 

A search of the literature, for which the writer 
is much indebted to Dr. J. R. Comroe of the Uni- 
versity of Pennsylvania, revealed a case report of 
typical atropine poisoning after the eating of rab- 
bit meat from an animal which had fed on Bella- 
donna leaves (Firth and Bentley. Lancet 2; 901, 
1921). Obviously’’, this poisoning would not have 
been possible if atropine had been completely 
decomposed, as contended by LaBarre. Another 
similar case report on atropine poisoning is avail- 
able (H. H. Selym. Med. Record 45: 14, 1894), but 
here turkey meat was ingested; obviously the 
tissue of these birds have also the faculty of bind- 
ing atropine. Decomposition slowly follows after 
the binding (V. D. Heyde, 1921). 

The excretion of orally administered ortho- 
nitrophenol. R. Bbutnek and R. Block (by invi- 
tation). Dept, of Pharmacology, Hahnemann 
Medical College, Philadelphia. Beutner and Co- 
hen (Federation Proc.) showed that o -nitrophenol 
can be recovered from the urine of rabbits after 
intramuscular injection almost 100 per cent. In 
view of the possible use of nitrophenol as a urinary 
antiseptic we administered it by stomach tube to 
3 rabbits (the dose being 1.1 to 1.3 grams) as 2 per 
cent solution. The urine was collected over a 
period of 19 hours and, after acidification with 50 
per cent H:SOj, subjected to steam distillation 
until clear water came over. The distillate, wliich 
contained all the nitrophenol, was alknlinizcil 
until it turned deep yellow. Its nitrophenol 
content was determined by colorimetric compari- 
son with a 2 per cent alkaline nitrophenol solution. 
The amounts of nitrophenol thus determined in 
the distillate wore: 687.S mgm., 656.2 mgnn or 
853.7 mgm., corresponding to 52.6 per cent, 57.0 
per cent or 77.5 per cent of the amounts fed to the 
animals. The average nitrophenol concentration 
in the excreted urine was 0.25 per cent. h<o other 
phenol derivative is excreted as completely, aO" 
cording to other investigations in this laboratory. 
Orthonitrophenol is, moreover, non-toxic an( 
witliout any^ influence on metabolism, in contras 
to dinitrophenol (see Federation Proc. 1). 

The effect of alkalinizalion and acidification on 
local anesthetics. R. Beutner and P- A- Brad 
LOW (by’ invitation). Dept, of Pharmaco o^J, 
Hahnemann Medical College, Philadelphia, <*• 
As is known, the addition of alkali to local anc=^ 
thetic solutions increases their potency , but 
does not hold for hydrochlorides of such ancst ic^^^ 
bases as nupcrcainc and pontocainc. Addition o . 
small amount of NallCOj diminishes ane.st i 
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iwtciicy because of precipitafioii of tlie aiicstbctic 
as insoIuI)lc base, while procaine or butyii base are 
relatively more soluble. Acidification invariablj' 
diminishes anesthetic jrower by inhibiting the 
liberation of the anesthetic base. In the ease of 
niiporcainc these changes are extremely large as 
the following observations show ; 


Into the eye of 3 rabbits was instilled 
and held there for IS seconds: 


pH 


0.3 cc. 1% nupercaino HCl 3.3 


0.3 cc. 1% nupercaine HCl I 6.0 

+ NnHCOi (1:2000) | 


I The anesthesia 
I lasted: 

14000 min. (21 daj'S) 

I 246 min. (4 hrs. 
j 6 min.) 


0.3 cc. i% nupcrcainc HCl 
+HCI (hlOOO) 


l.S 19Q min. (3 Urs. 
10 min.) 


In another set of experiments Beutner and Cales- 
nick had previously described a similar very 
marked diminution of the anesthetic potency of 
nupercaine after NaHCOs, the duration of anes- 
thesia (after 0.3 cc. hold for a shorter time) drop- 
ping from 3000 minutes to 132 (Anesthesiology 3: 
675, 1943). But, now, we see tlwt ancstiiesia is 
very markedly shortened after slight acidification 
also. Also pontocaino (tetracaine USP XII) and 
diothane showed a diminution of anesthetic po- 
tency after acidification or alkalinization, although 
to a much slighter extent, but procaine or butyn 
only after acidification. The duration of anesthe- 
sia was 110 minutes for pontocaino without addi- 
tion (9 animals), dropping to 57 or 73 after alkali 
or acid; 125 for diothane (6 animals), dropping to 
90 and 42 respectively. 

Vitamin B deprivation and spontaneous activity 
in white rats. A. L. Bloomfield and M. L. Tain- 
TER. Depts. of Medicine and Pharmacology and 
Therapeutics, Stanford Univ. School of Medicine, 
San Francisco. Ten Httermate pairs of rats were 
placed in revolving cages, and food consumption, 
weight and voluntary running were recorded daily. 
After a three weeks control period on normal diet 
lialf the rats were changed to a B-free diet. As 
they lost weight, the controls were kept at the 
same weight level as the deficient rats by restric- 
tion of their food intake. The B-deficient rats 
became hyperexcitable and ran more during the 
first ten days of deprivation. A second series was 
run similarly using a B-frce diet throughout and 
supplying whole B-complex separately. On with- 
drawal of the vitamin from half the animals, the 
same sequence of transient hyperexcitability oc- 
curred. Food limitation without reduction of the 
B intake did not modify the sixmtancons activity. 
When the vitamin was restored and unlimited food 
intake permitted, the animals gorged themselves 
for several days and stopped running almost en- 
tirely until a new dietary equilibrium was estab- 
lished. Therefore, vitamin B deprivation in the 


rat is associated in the early st.ages with increased 
sixmtancons activity and liypcrexcitability. 

An anlibaclerial substance produced by an 
Aspergillus flavus. Milton T. Bush and Andres 
Goth (by invitation). Dept, of Pharmacology, 
Vanderbilt ifcdical School, Mashvillc, Tenn. A 
mold of the Aspergillus flavus group w'as isolated 
and found to produce substances wliich dissolve 
Gram ixisitive cocci and inhibit the growth of n 
number of pathogenic bacteria. The bacterio- 
static substance aspcrgillin is produced by growing 
the mold on a modified Czapek-Dox medium. As- 
pergillin was extracted witli isopropyl ether from 
the acidified culture filtrates. Following partial 
purification a solid material was obtained which 
inhibited the growth of Staphylococcus aureus and 
Staphylococcus albus at a dilution of O.OOS 
mgm./cc. of broth. Streptococcus hemolyticus. 
Pneumococcus, C. diphtheriae, B. anthracis were 
inhibited at a dilution five times as great. Bru- 
cella abortus, Eberthella typhosa. Dysentery 
bacilli, V. cholerae, and B. subtilis are also in- 
hibited at higher concentrations. E. coli, P. 
pestis, B. Friedlanderi were not inhibited at a 
concentration of 0.8 mgm./cc. The partially puri- 
fied aspergillin has a median lethal dose of about 
40 mgm./kgm. when administered intraperito- 
neally to mice. Further purification of the anti- 
bacterial substance is under way, and we Imve 
good evidence that the activity-toxicity ratio can 
be further increased. 

The protective value of sorbitol-gelatine films 
against Lewisite vapors and liquid. C. Jellefp 
Cakh. Depl. of Pharmacology, School of Medi- 
cine, Univ. of Maryland. The complex formed 
when a sugar alcohol, such as sorljitol, is heated 
with gelatine has found wide industrial applica- 
tion. The piiysical and chemical properties of 
this substance and the gas impermeable character 
of the films of this complex suggested the deter- , 
mination of its prophylactic value against chem- 
ical warfare agents and industrial chemicals and 
solvents. Large rabbits used in these experiments 
rvere exposed to standard quantities of Lewisite 
vapors and liquid. One half of the abdominal area 
was covered with the protective film. Each ani- 
mal served as its own control as the unprotected 
are.a was scrubbed with soap and water. The 
protection against Lewisite provided by these films 
far exceeds in value the protection afforded by 
washing with strong soap and water alone after the 
period of exposure. The use of this material by 
workers exposing themselves to Lewisite offers a 
decided advance in routine prophylaxis. The 
value of washing with soap and water alone after 
exposure to Lewisite has been amply demonstrated 
in these experiments. It is suggested tlwt these 
films provide a water soluble, meclianical barrier 
to the jiassage of vesicant vapors or liquid. Pre- 
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liminary experiments on luiinnns indicate that 
these films are protective also against dichlorethyl 
sulfide liquid. 

The effect of digitalis glycosides on potassium 
metabolism. McKeen Caitell. Dept, of Phar- 
macology, Cornell XJniv. Medical College, Next) 
York City. Earlier experiments have demon- 
strated an action of the digitalis glycosides result- 
ing in a loss of potassium by isolated striated mus- 
cle from the frog, and more recently it has been 
shown by Visscher that the tissues of the heart- 
lung preparation of the dog respond similarly. 
The present experiments were carried out on nor- 
mal dogs with a view to determining whether 
ouabain, in doses which could be regarded as with- 
in the therapeutic range, causes changes in potas- 
sium metabolism. Female dogs were kept without 
food and daily determinations made of the blood 
concentration and urine excretion rate of potas- 
sium. After 3 or 4 control days from 0.3 to 0.5 
mgm. per kilo of ouabain was given by a single 
intravenous injection, following which hourly 
specimens of urine obtained by catheter were exam- 
ined. The potassium excretion was uniformly 
high during the first few hours after ouabain. In 
seven animals the excretion rate, expressed in mg. 
of potassium per kilo per hour, rose from an aver- 
age control value of 2.7 to 6.2 during the period of 
from 6 to 9 hours immediately following the ouabain 
injection. On the following day the excretion rate 
was markedly reduced, averaging only 0.7. In a 
majority, but not all of the animals there was a 
moderate rise in blood potassium (4 to 8 mgm.) 
during the first few hours after ouabain. 

The effects of some new antispasmodics on the 
bronchial musculature of perfused guinea pig 
lungs. H. F. Chase (by invitation), A. J. Leh- 
mann and F. F. Yonkman. Dept, of Pharmacol- 
ogy, Wayne Univ., Detroit. The bronchodilator 
action of some new antispasmodic morpholine 
derivatives has been tested using the method of 
Sollman and Von Oettingen for bronchial perfusion 
of guinea pig lungs as modified by Tainter, Pedden 
and James. The ability of these drugs to relax 
bronchial smooth muscle was determined on fresh, 
untreated lungs and on lungs whose bronchi had 
been previously constricted by histamine. Com- 
parisons were made with epinephrine and Trasen- 
tin. The ratio of the percentage recovery to the 
effective dose was computed for all drugs and 
expressed on the basis of epinephrine having an 
arbitrary value of 100. With this standard, the 
morpholine compounds and Trasentin ranged in 
their antispasmodic action as follows : 


Epinephrine 100.0 

Trasentin /3 Diethylaminoethyl diphenylacetato 

lU’drochlorido 9.4 

S-29 u (4-Morpholine)-hexyl diphenylacetnte 

hydrochloride 9.0 


S-10 a (4-Morplioline cllio.ity)-cthyl diphenyl- 


acetate liydrochloride 4.(1 

S-14 g (4-Morpholino)-oUiyl diplicnyl cliloro- 
acetate liydrochloride 3,5 


S-29 is the most active bronchodilator of th 
group of new synthetics studied. Since S-29 
from previous studies in our laboratory, was foiinil 
to be approximately one-half as toxic as Trascntic 
and is of the same order of antispasmodic activity 
it would seem to merit clinical trial. 

Studies on the chemistry and pharmacology ol 
raspberry (Buhus idaeus) leaves. Maynaed L 
Chenoweth and Walter Modell (introduced by 
McKeen Cattell). Dept, of Pharmacology, Cor- 
nell Univ. Medical College, New York City. 
sesquiterpene oil has been obtained by steam dis- 
tillation of an ether extract of raspberry leaves ina 
yield of about 0.0001 per cent. The oil is yelloiv, 
spicy, boiling at 309.1 °C. (corr.) at 760 ram. Hg 
and solidifying at — 7.5°C. The specific rotationis 
[a] = -j-2.6°. Very dilute solutions (1 :100,000) 

relax strips of isolated cat uterus, but the substance 
is very toxic in vivo and has no specific effect on flic 
uterus when administered intravenously. 

A pharmacologically active substance, the pves- 
ence of which was indicated by Burn and Witlicll 
(Lancet 2: 1, 1941), has been obtained by extrac- 
tion of the dried leaves, first with alcohol, tlicn 
with ether (steam-distilled for oil and discarded) 
and final reextraction with hot water. The aque- 
ous extract is purified with basic lead acetate, tlie 
excess removed as lead ortho-phosphate. Th'! 
resultant solution when administered intrave- 
nously to cats, actively relaxes the uterus. 
systolic blood pressure is elevated for from 2 to 10 
minutes while the diastolic pressure remains un- 
changed ; the pulse pressure is markedly increased. 

This solution gives no positive alkaloid reactions 
and it cannot be further concentmted by the usai 
methods for alkaloid extraction. The pharmaco- 
logical effects persist after solutions have been 
treated with heat, acid or alkali, but combustion 0 
active solutions leaves an inactive ash. Mntcr, 
ethanol, pyridine ancl propylene glycol arc t ic 
only solvents found which will extract an acti'c 
solution. 

The toxicity of chlorophenols for rats. 

Deichmann. Kettering Lahy. of Applied Pajsi 
ology. College of Medicine, Univ. of Cincinnn 1 , 
Cincinnati, 0. Lethal oral and subculaneon 
doses of the chlorophenols produce the same signso 
poisoning in rats. Oral administration, lioamf^| 
results in fatal poisoning in smaller do.s;igc nn( 10 
shorter period of time. . . 

Restlessness and an increased rate of 

appear a few minutes after administration 0 0 

m-chlorophenol and are followed a few 
later by a rapidly' developing motor n ea a 
Tremors, clonic convulsions (which can m 
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ducecl by noise or by louch), dyspnea and coma 
set in promptly and continue until death, p-Chlo- 
roplicnol produces similar signs but the convulsions 
are more severe. 2,4-Dichlorophonol and 2,4.5- 
trichiorophenol produce these signs also, but dc- 
cre.sscd activity and motor weakness do not appear 
quite so promptly. The tremors are much less 
severe, but in this case also, they continue until a 
few minutes before death. Tctrachlorophenol 
fakes an intermediate place between tiie lower 
bomologues and pentacblorophcnol. The signs it 
produces are similar to those caused by the lower 
liydrocarbons except that tremors and convulsions 
ire absent until the terminal stage of poisoning. 
Pentachlorophenol produces marked ly'perpyrexia, 
ndiich is not seen in animals treated with any of 
the other chlorophenols. It also causes motor 
(veakness, collapse and terminal asphyxial con- 
vulsions. 

The lethal dosages of these compounds (LDso) 
ire as follow^! o-chlorophenol, as a 50 per cent 
solution in olive oil, 0.67 gm/kgm. orally and 0.95 
im/kgm. subcutaneously; j»-chloro phenol, as a 
20 per cent solution in olive oil, 0.57 gm/kgm. 
orally and 1,39 gm /kgm. subcutaneously ; p-chloro- 
phenol, as a 25 per cent solution in olive oil, 0.67 
gm/kgm. orally, and as a 50 per cent solution, 1.03 
gm/kgm. subcutaneously ; 2,4-dichlorophenol, as a 
20 per cent solution in fuel oil, 0.58 gm/kgm. orally 
and 1.73 gm/kgm. subcutaneously; 2,4,5-tricblo- 
rophenol, as a 20 per cent solution in fuel oil, 0.S2 
gm/kgm. orally and 2.26 gm/kgm. subcutaneously ; 
tetrachlorophenol, as a 4 per cent solution in fuel 
oil, 0.14 gm/kgm. orally and 0.21 gm/kgm. subcu- 
taneously; pentachlorophenol, as an 0.5 per cent 
solution in fuel oil, 0.03 gm/kgra. orally, as a 1 
per cent solution in olive oil, 0,08 gm/kgm. orally, 
and as a 4 per cent solution in fuel oil, 0.10 gm/kgm. 
subcutaneously. 

The detoxification of -phenol. Wxi. Deich- 
xuxN. Kettering Laby. of Applied Physiology, 
College of Medicine', Univ. of Cincinnati, Cin- 
cinnati, 0. So far as is known, the body has 
two general mechanisms for the disposal of phenol 
aside from excretion, — (1) conjugation with sul- 
furic, glucuronic and possibly- other acids, and (2) 
oxidation. Small amounts of phenol such as are 
produced by decomposition of proteins in the in- 
testinal tract, are rapidly conjugated and excreted. 
(Human urine contains from 0 to 4 mgm. of free 
and from 10 to 40 mgm. of conjugated phenol per 
day, rabbit urine from 0 to 0.4 mgm. of free and 
from 1 to 10 mgm. of conjugated phenol.) 

When the conjugating mechanism is over- 
whelmed, as for instanceafter the ingestion of large 
amounts of phenol, oxidation of phenol also occurs. 
The fate of a toxic but sublethal oral dose of phenol 
in the rabbit is as follows : From 59 to 88 per cent 
of the phenol is excreted in the urine during the 


first 24 hours. About half of this amount is pres- 
ent as free phenol; of the conjugated fmetion, 
about half is conjugated with sulfuric acid, .a little 
more than one-fourth with glucuronic acid, .and 
the remaining portion with other acids not yet 
identified. From 10 to 40 per cent of the phenol 
is broken down. The bulk is oxidized to carbon 
dioxide and water, while small amounts are oxi- 
dized to pyrocatechol and hydroquinone. Traces 
of these last two compounds are broken down in 
the body to dark colored substances, traces are 
excreted unclianged with the urine, while the bulk 
is conjugated and then excreted. On e.xposure to 
air, the conjugated compounds hydrolyze and pyro- 
catechol and hydroquinone undergo a further 
change, with formation of colored substances giv- 
ing the urine its “smoky” appearance. Traces of 
free and conjugated phenol are excreted in the 
feces, and faint traces of free phenol are excreted 
with the exhaled air. From 2 to 5 per cent of the 
phenol is still found in the tissues at the end of the 
first day. 

Effect on the systemic venous pressure of di- 
goxin and ouabain administered intravenously to 
patients with congestive heart failure. Ltjdw'JG 
W. Eichna. and Harry Taxjbe (introduced by 
Arthur C. DeGraff). Dept, of Therapeutics, New 
York Univ. College of Medicine, and Third (New 
York Univ.) Medical Division, Bellevue Hospital, 
New York City. It is generally assumed that the 
recovery of circulatory compensation with the 
accompanying fall in venous pressure is rather a 
slow process. However, we persistently encoun- 
tered a rapid fall of venous pressure when the 
purified glycosides, ouabain and digoxin, were 
administered intravenously to patients in con- 
gestive heart failure with or without associated 
disturbances in rhythm. 

Determinations of the venous pressure, ventric- 
ular rate, arterial tension, electrocardiographic 
changes, and the rate of flow of urine were made 
frequently, often simultaneously, throughout a 
control period and for 2 to 4 hours after injection 
of the glycoside. 

Fourteen patients were given digoxin in doses 
ranging from 0.5 to 2.5 mgm. Ouabain was given 
five times in amounts from 0.375 to 0.75 mgm. 

The fall in venous pressure had the following 
characteristics : 

a. Onset of effect; ouabain, 3 to 11 minutes; 
digoxin, 5 to 22 minutes. 

b. Maximum effect; ouabain, 35 to 56 minutes; 
digoxin, 45 minutes to 3 hours. 

c. It ^ns associated with, but not dependent on, 
a slowing of ventricular rate in auricular fibrilla- 
tion. 

d. It was unaccompanied by a change in ven- 
tricular rate in regular sinus rhythm. 
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e. It preceded the onset of diuresis, which, at 
times, was rapidly initiated. 

f. Its pattern did not depend on the initial level 
of venous pressure or the degree of congestive 
heart failure. 

g. It bore no relationship to changes in the elec- 
trocardiogram. 

h. Its duration was relatively short, except in 
those patients whose cardiac reserve was sufficient 
to maintain circulatory compensation once it was 
reestablished. 

Compared molecule for molecule, ouabain 
induced effects more rapidly than digo.vin. 

Bacteriostatic effect on Ebertheila typhosa of 
bile from dogs treated with chloroacetate. G. 
A. Ejierson and Jack K. Finnegan (by invita- 
tion). West Virginia XJniv. School of Medicine. 
Morrison (U. Calif. Publ. Pharmacol. 1; 397, 1941) 
found that 0.01 per cent monoehloroacetic acid 
inhibits growth of several micro-organisms. This 
agent is also a potent choleretic. The closely re- 
lated tribromoacetate oecuz-s in cystic bile to ca. 
0.02 per cent 1 hour after intramuscular injection 
(J. Pharmacol. 75; 226, 1942). 0.005 per cent 
chloroacetic acid is said by Tetsumoto (J. Agric. 
Chem. Soc., Japan 12; 184, 1936) to inhibit growth 
of typhoid bacilli in vitro. This concentration 
may be easily surpassed in blood on intravenous 
injection of sublethal doses. Bile was obtained 
aseptically by cannulation of the common duct in 
dogs with the cystic duct clamped off. Twenty- 
five samples collected over consecutive 20-minute 
periods after injection of 50-100 mgmAgm. of 
chloroacetate were diluted 1:2 and l.TO with broth 
and inoculated with 1 loopful of a 24-hour culture 
of E. iyphosa. Broth, cystic bile (1:10) and he- 
patic bile (1:2) containing 0.05, 0.01, 0.007, 0.005, 
0.003 and 0.001 per cent of added Na chloroacetate 
were similarly inoculated. Bacteriostasis for 
48-72 hours appeared onlj' in tubes containing 0.05 
per cent added chloroacetate. Subculture to 
to Endo’s agar after 18 hours resulted in heavy 
growth of E. typhosa in each instance Chloro- 
acetate appears to be too weakly bacteriostatic for 
practical application in E. typhosa infections of the 
gallbladder. With other organisms, bacteriostasis 
is maximal at a low pH and presumably the undis- 
sociated acid is the effective agent. Since the pK 
of chloroacetic acid is 1.55.10A tlie concentration 
of free acid at the pH of bile is very slight with any 
feasible dosage. 

Mechanism of (he choleretic action of chloro- 
acetote. G. A. Emerson and Ja-wes L. Morhi- 
so.v. IPcst Virginia Vniv. and Emory Unir. 
Carotid pressure and flow of bile were recorded in 
lightly barbifalized dogs prepared by cannulating 
the common duct and ligating the cystic duct. 
Hepatic bile was generally returned into the duo- 
denum at intervals after measurement. Intrave- 


nous or intraduodenal injection of chloroacetate, 25 
mg/kg., usually increased bile flow 200-300 per 
cent in 18 dogs. This confirms findings of Chabrol 
et al. (Compt. Rend. Soc. Biol. lOG; 17, 1931). 
Chloroacetate choleresis is independent of changes 
in systemic blood pressure or respiration and is 
not due to the small amount of alkali injected. It 
develops slowly in contrast to the rapid, more 
transient effect of bile or dehydrocholatc. This 
latency suggests mediation by some metabolite of 
chloroacetate. No significant choleresis was noted 
within 3 hours after injection of hydroxyacetate 
(glycolate), mercaptoacetate (thioglycolate) or 
aminoacetate (glycine). Chloroacetylcholine pro- 
vokes a strong choleresis but the latent period is as 
long as with chloroacetate (45-90 min.) and this 
ester hydrolyses completely within a few minutes. 
Bromoacetate causes an effect similar to chloro- 
acetate. There is some indication of potentiation 
of decholin choleresis after treatment with chloro- 
acetate. Untreated dogs show no spontaneous 
variation in bile flow comparable to chlowacctate 
choleresis. 

I. Treatment of e-xperimentally produced 
staphylococcic thoracic empyema. Wieuam E, 
Evans, Jb. and (by invitation) James G. McAl- 
PiNE, Benedict Skitebalic and E. How'abd To- 
NOELA, [/nir. of Maryland, School of Medicine. 
Staph, thoracic empyema was produced experi- 
mentally in approximately 100 rabbits with little 
or no septicemia. These animals were treated 
locally with drugs alone and in combination, with 
and without the addition of immune scrum. 

The most promising methods of treatment were 
W'ith (1) azochloramid and sulfanilamide, (2) 
azochloramid and sodium tctradecylsulfate, (3) 
immune scrum and complement, and (4) immune 
serum and azochloramid. 

The period of treatment was limited to five days. 
More extensive treatment by the foregoing meth- 
ods is contemplated. 

Some pharmacological properties of adeninethi- 
omethylpentose. P. L. Ewing and F. Sculenk 
(by invitation). Dept, of Pharmacology and Dept, 
of Public Health and Preventive Medicine, Medical 
School, Univ. of Texas, Galveston. Experiments 
were carried out to find a substitute for adenosine 
and adenylic acid, substances used in the treat- 
ment of certain nutritional deficiencies (R. • 

Viltcr, W. B. Bean and T. D. Spies. J. Lab. and 
Clin. Med. 27; 527, 1942). The more extensive use 
of those compounds is liampercd by their undesir- 
able pharmacological side-actions. In the sc-arch 
for a more desirable compound, the plairnwcolog- 
ical properties of adeninethioroethylpontosc (P- 
A. Lcvcnc and L. W. Bass, Nucleic acids, New 
York, Chemical Catalog Company, 1931) were 
studied. This compound was isolated from ycxst 
and when purified, cry.stallizcd in long needles, 
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P. 210'C. Elementary analysis showed •13.94 
cent C, 5.23 per cent H, 23.61 per cent N, 11.07 
cent S. Formula; CnllisOjNsS. C.alculated 
cenfages: 44.44 per cent C, 5.0S per cent H, 
>5 per cent N, 10.7S per cent S. This com- 
md produced a fall in blood pressure in rabbits 
;r intravenous injection. This effect was con- 
erably weaker than that obtained with adeno- 
c (about 1/10). Experiments on the isolated 
)bit intestine showed an inhibition of the in- 
tinal movements by the compound-quanti- 
avely much weaker than that of adenosine (about 
15). Its stimulating effect on the isolated 
inea-pig uterus was approximately the s.ame ns 
at of adenosine. Comparisons were also made 
ith muscle adenylic acid, yeast adenylic acid and 
izymase, each of which has pharmacological prop- 
•ties qualitatively and quantitatively similar to 
lose of adenosine. 

A study of combined effects of morphine with 
cetanilid, aminopyrine or acetophenetidin in the 
at. Edwin J. Fellows and Raymond W. Cun- 
iiNGHAM. Temple Univ. School of Medicine, 
Philadelphia, Pa. The Schumacher, Goodell, 
rdy and Wolff method of testing analgesic agents 
n human subjects was suitably modified by 
’Amour and Smith to, permit detection of analge- 
sia in the rat after morphine, dilaudid, pantopon, 
heroin or codeine. No statements were made by 
these authors concerning the efficacy of the method 
in testing such substances as aminopyrine, acet- 
anilid, etc. We liave been able to confirm their 
observations on the detection of analgesic effects 
in rats after administration of the opiates. We 
have not been able to detect analgesia by this 
method after acetanilid, aminopyrine or aceto- 
phenetidin in doses below the toxic level. Anal- 
getic effects, as well as a cataleptic state were 
obtained, however, by intraperitoneal administra- 
tion of sub-toxic doses of aminopyrine plus one-half 
the minimal effective dose of morphine intraperi- 
toneally. This sub-effective intraperitoneal dose 
of morphine plus either acetanilid, aminopyrine 
or acetophenetidin orally also produced analgesia 
detectable by the D’Amour and Smith method. 
These three drugs are mentioned in the order of 
their decreasing oral effectiveness. This apparent 
partial replacement of morphine by the above non- 
opiate analgesics in rats lends support to the evi- 
dence reported by Lewy which indicated tliat the 
amount of morphine given to patients with steady 
pain could be reduced by continuing it with other 
analgesics. 

Assay of plasma fryptase. John ll. Fesguson. 
Dcpl. of Pharmacology, Univ. of Michigan. In 
accordance with the principles for the assay of 
tryptases by the simple fibrinolytic method out- 
lined in a preliminary publication (Proc. Soc. 
Exper. Biol. Aled. 51: 73, 1942), a convenient UNIT 


of 100 is defined as the proteolytic activity of 1 :1000 
trypsin (Fairchild's), prepared by saline dilution 
of 2 per cent “stock” solution (preserved in glyc- 
crol-boratc buffer, according to Burdon, Science, 
1941). The following simplified buffer (pH = 7.65) 
serves ns solvent for fibrinogen (1:1000) and en- 
zyme-free thrombin : 2.5 per cent H3BO3 (45 parts), 
0.5 per cent NaCl (45 parts), 4 per cent Na 3 B 307 , 
lOH.O (10 parts). Five cubic centimeters fibrino- 
gen (-f 1 cc. saline) is clotted by 3 cc. thrombin, 
in 30-60 seconds, and 1 cc. enzyme solution is added 
exactly 10 sec. prior to clotting, without shaking. 
Lysis is timed, preferably with photoelectric 
colorimeter: 1. series of reference standards, 100 — 
1 unit; 2. unknowns. Room temperature = 25 
± 2°C. 

Aclivalion of tryptase in citrated or o.xalated 
plasma is accomplished by shaking with 1/5 vol. 
CHCI3 and centrifuging after 24-48 hours. En- 
zyme activation parallels coagulation and may be 
speeded up by the addition of enzj'me-free throm- 
bin to the chloroformed plasnaa. Preliminary 
data indicate; 1. adsorption of enzyme on to a, 
Bcrkefeld filter; b, fibrin clot; 2, considerable 
tryptase in platelets and leucocytes, but negligible 
in comparison with the differences in plasma tryp- 
tase values, e.g., dog or cat 100-200 units, rabbit 
1-2 units, man 40-100 units, per cc. Interesting 
applications include coagulation differences 
(“thromboplastic enzyme”). Prior to CHCI3- 
activation, plasma and serum are anti-tryptic. 

The pharmacology of some phenylethyl amines. 
II. Action on the intestine and heart. C. W. 
Geiteh and A. M. Lands (introduced by F. F. 
Yonkman). Frederick Stearns and Company, and 
Wayne Medical College, Detroit. The hydrochlo- 
rides of the compounds listed below have been 
Investigated for their action on the isolated rabbit 
jejunum (Magnus method) and some of them for 
their action on the isolated tortoise auricle and the 
perfused frog heart. In the perfusion experiments 
all injections were made directly into the perfusion 
stream near the heart and the drug washed out of 
the tissue by the Ringer solution flowing through 
the organ. 

Isolated segments of the rabbit jejunum were 
relaxed by allyl-beta-phenylethyl amine (II), in a 
dilution of 1:20,000; by dibutyl-beta-phenylethyl 
amine (IV), methyldi-beta -phenylethyl amino 
(V), ethyidi-beta-phenylethyl amine (VI) in 
1:490,000 to 1:200,000; by propyldi-beta-phenyl- 
ethyl amine (VII) in 1:1,000,000 to 1:400,000. 
Ethyl-beta-phenylethyl amine (I), diethyl-beta- 
phenylethyl amine (III), and iri -beta -phenylethyl 
amine (VIII) were without action in dilutions of 
1 : 10,000. However, ethyl-bcta-phenylethyl amine 
injected intravenous^' into anesthetized dogs and 
rabbits in amounts of 0.1-0,5 mgm./kgm. c.iuscd 
relaxation of the intact jejunum associated with a 
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rise in blood pressure. The duration and intensity 
of the relaxation corresponded closely with the 
changes in blood pressure. 

Compounds I, II, III and V above in 1-4 mgm. 
doses slow the rate of contraction of the perfused 
frog heart and cause some reduction in the ampli- 
tude of beat. Compound VI depresses cardiac 
activity; doses of 0. 1-0.5 mgm. arrest all contrac- 
tion in diastole. At least one lialf hour in Ringer 
solution is required to restore rhythmic contrac- 
tion. Compound I in 1:20,000 causes a reduction 
in the amplitude with some increase in the rate of 
contraction of the isolated tortoise auricle. In 
this dilution, there is complete inhibition of the 
tonus waves that these preparations sometimes 
show. With a dilution of 1:4,000 there is a reduc- 
tion in both rate and amplitude. Similar observa- 
tions were made for compounds II, III, and V. 
Other compounds in this series were not used on 
the auricle. 

The relative potency of U.S.P. XI and U.S.P. 
XII digitalis. Harry Gold and McKeen Cat- 
TELL. Depi. of Pharmacology, Cornell Univ. 
Medical College, New York City. In a large series 

ns'-nys made in our laboratory by the official 
> lethod, the potency of U.S.P. Digitalis Refer- 
‘Y loe powder (1942) proved to be approximately 
75 mgm. per kgm. and of U.S.P. XI powder 45 
mgm. per kgm. 

By definition, the U.S.P. XI Digitalis Unit is the 
potency of 74.5 mgm. of the XI Reference powder, 
and the U.S.P. XII Digitalis Unit, 100 mgm. of the 
XII Reference powder. Thus the XI Digitalis 
Unit is approximately 24 per cent stronger than 
the XII Unit, when the comparisons are all made 
by the official cat method (45:75 = 74.5:x). 

By means of a method for the quantitative com- 
parison of digitalis preparations by oral administra- 
tion in man which was recently developed in this 
laboratory, it was found that 100 mgm. of U.S.P. 
XII Reference powder has the potency of approxi- 
mately 75 mgm. mg. of the XI Reference powder. 
It follows that the U.S.P. XII Digitalis Unit has a 
potency practically identical with the XI Digitalis 
Unit when the comparisons are made directly in 
man. 

Market preparations of U.S.P. XI Digitalis 
showed considerable variation in potency by the 
cat method, partly due to the fact that the frog 
method was official and partly due to other circum- 
stances. The change from the frog to the cat 
method, and the change in the properties of the 
specimen of the Reference powder, introduced 
factors affecting potency which, fortunately, ap- 
pear to cancel out, with the result that the Digi- 
talis of the Twelfth Revision has substantially 
the same therapeutic potency as that of the pre- 
ceding Pharmacopeia. 

A comparison of the speed, the intensity, and 


the duration of action of four digitalis glycosides 
by intravenous injection in man. Harry Gold, 
McKeen Cattell, Walter Modell (by invita- 
tion), Nathaniel T. Kwit (by invitation), and 
Milton L. Kramer (by invitation). Dept, of 
Pharmacology, Cornell Univ. Medical College and 
the Cardiac Clinics of Beth Israel Hospital and 
Hospital for Joint Diseases, New York City. Ani- 
mal experiments indicate that the action of digi- 
to.xin after intravenous injection develops slowly' 
while, in the case of other glycosides, the action is 
more prompt. With the isolated papillary muscle, 
no significant differences in the latent period were 
observed. The latent period has not been syste- 
matically investigated in man. 

We examined this problem in 21 patients with 
auricular fibrillation. With the patient in bed, 
the ventricular rate was counted at the apex three 
times daily for a control period of a week or longer. 
Counts were made at intervals of a few minutes 
after the drug was injected intravenously, and 
later at longer intervals. Counts were then made 
as in the control period during the next two or 
three iveeks. The four materials tested, namely, 
Digitaline Nativelle, Lanatoside C, Digifoline, and 
Ouabain, were given in a single dose of 3 cat units 
(66 doses). A curve representing the develop- 
ment and the duration of action, averaging the 
results obtained in from 12 to 20 injections, was 
constructed for each glycoside. 

The curves differ significantly. The latent pe- 
riod increases in the following order: Ouabain, 
Digifoline, Lanatoside C, Digitaline Nativelle ; and 
the duration of action in the following order: 
Ouabain, Lanatoside C, Digifoline, Digitaline 
Nativelle. The degree of effect produced by 3 
cat units is the same for Ouabain, Digifoline and 
Lanatoside C, but is appro.vimately 20 per cent 
greater for Digitaline Nativelle. 

Preliminary investigations on the pharma- 
cology of benzimidazole. Louis Goodman, Al- 
fred Gilman and Nancy Hart (by invitation). 
Dept, of Pharmacology, Yale Univ. School of 
Medicine, New Haven, Conn. Benzimidazole HCI 
injected parenterally in mice, rats, cats and mon- 
keys (200 to 300 mgm/kgm.) causes profound 
decrease in skeletal muscle tone and voluntary 
movement, lasting several hours. Consciousness 
is not lost. E. E. G. records reveal absence of 
cortical depression. Superficial and deep reflexes 
are diminished, corneal and pupillary reflexes arc 
retained, postural reflexes disappear, and sensory 
impairment is marked, probably secondary ^ in 
large measure to the motor deficit. Respiration 
remains adequate except with toxic doses. Pro- 
liminary emesis (cats) probably signifies medul- 
lary stimulation. Daily subcffcctive doses for a 
month cause no grossly observable behavior or 
tissue changes and no tolerance to effective 



SOCIETY FOR PHARMACOLOGY AND EXPERBIENTAL THERAPEUTICS 


81 


amounts. LD50 (mice) is 075 mgm/kgm., intia- 
peritoneally. Benzimidazole is also effective 
orally. The spastic syndrome in a monkey with 
bilateral resection of cortical area 6 and caudate 
nucleus was improved by benzimidazole. Metra- 
zol counteracts benzimidazole depression. Pro- 
phylactic benzimidazole decreases the incidence 
and severity of metrazol convulsions (mice) . Ben- 
zimidazole intravenously (anesthetized cats) 
causes transient vasodepression and respiratory 
stimulation. Curariform effects on skeletal 
muscle are absent. Death from lethal doses is 
respiratory, the cardiovascular system remaining 
relatively unaffected. 

At present benzimidazole is thought to produce 
its striking effects by a highly selective depressant 
action on the cerebrospinal axis, but the locus of 
this action remains to be determined. Further 
E. E. G. analyses, studies on congeners, and 
chronic toxicity experiments are in progress. 
Eventual clinical trial in patients with appro- 
priate skeletal muscular and neurological syn- 
dromes is planned in view of the effect on skeletal 
muscle tone and the anticonvulsant property of 
benzimidazole. [This research was made possible 
by a grant from the Flvid Research Fund of Yale 
University. ] 

The cause of azotemia associated with massive 
gastrointestinal bleeding. Raymond Gbbgory 
(by invitation), Paot. L. Ewing and Habry 
Levine (by invitation). Depls. of Pharmacology 
and Internal Medicine, Univ. of Texas Medical 
School, Galveston. Azotemia associated with gas- 
trointestinal hemorrhage was investigated in 62 
dogs by estimating the effects on blood urea nitro- 
gen of giving dog’s blood by stomach tube, of with- 
holding water, and of lowering blood pressure by 
bleeding. 

Blood by stomach tube may raise blood urea 
nitrogen to 25-30 mgm. per cent. Systolic blood 
pressures of 70 to SO mm. Hg. results in rises of 
blood urea nitrogen to 25-40 mgm. per cent. Rise 
and fall of blood urea nitrogen due to blood in the 
stomach is faster than that due to low blood pres- 
sure. Severe anemia due to hemorrhage does not 
produce azotemia. Combined effects of low blood 
pressure and blood by stomach tube produces 
rapid rises of blood urea nitrogen characteristic of 
the latter, rises of longer duration characteristic 
of the former, and higher levels than one would 
expect from either alone. 

Urea clearance is not diminished in dogs given 
blood by stomach tube. Falls in urea clearance 
occurred in every dog in which there was a signifi- 
cant fall in blood pressure and elevation of blood 
urea nitrogen. Urea clearance and blood urea 
nitrogen values in dogs witli different irater in- 
takes indicate dehydration may contribute to 
azotemia associated with gastrointestinal bleeding. 


Azotemia associated with gastrointestinal bleed- 
ing may be due to decreased renal function due to 
low blood pressure and dehydration or to absorp- 
tion of digested blood. Anemia is not a factor. 
Absorption of digested blood from the gastroin- 
testinal tract does not decrease renal function. 

Further studies on the effectiveness of various 
marine oils in reducing the blood pressure of 
hypertensive rats. Arthuh Grolwian and (by 
invitation) T. R. Harrison. Dept, of Medicine, 
Bowman Gray School of Medicine of Wahe Forest 
College, Winston-Salem, iV. C. In an earlier com- 
munication (A. Grollman, and T. R. Harrison. 
Proc. Soc. E.xper. Biol, and Med., 1943, in press), 
we have presented evidence for the capacity of 
a variety of marine oils to reduce the blood pressure 
of hypertensive rats. This depressor activity was 
shown not to be due to the presence of vitamin A, 
since procedures which destroy the vitamin (ul- 
traviolet irradiation, oxidation) tended to increase 
the blood pressure reducing capacity of the oils. 
The presence of the active principle in vitamin-A 
concentrates was attributed to autooxidation of 
some precursor other than the vitamin. 

In the commercial fractionation of marine oils 
such as sardine body oil and dogfish or cod liver oil, 
slight blood pressure reducing activity is found 
in ail fractions — those high in vitamin A, low in 
vitamin A and residues. It is absent from the 
stearin-fraction and from the glyceride fraction. 
The possibility of imparting activity to the latter 
oxidation after hydrolysis is under investigation. 
Morrhuic acids derived from cod liver oil are also 
inactive. The products obtained on their oxida- 
tion are also under investigation. 

The following procedures have been found most 
suitable for imparting or enhancing the activity 
of various fractions of marine oils ; oxidation with 
1, hydrogen peroxide; 2, chromium trioxide, and 3, 
nitric acid. 

The nature of the substance responsible for the 
observed blood-pressure-lowering effect is still un- 
known. It appears to be an oxidation product of 
some constituent (probably an unsaturated fatty 
acid or contaminant of the fatty acid fraction) pres- 
ent in various marine oils. Its relation to the 
principle present in mammalian kidney tissue is 
unknown. 

Vasomotor drugs on cortical reactivity to di- 
phenylhydantoin. P. J. Hanzlik and W. C. 
Cutting and Dean Hoskins, Harold Hanzlik, 
E. W. Barnes and E. W. Doherty (by invita- 
tion). Dept, of Pharmacology and Therapeutics, 
Stanford Univ. School of Medicine, San Francisco, 
Calif. Conditions which might influence cortico- 
motor excitability under diphenylhydantoin were 
investigated. Considerable variations in the cor- 
tical thresholds of untreated and medicated ani- 
mals were found and changes of 10 per cent from 
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the average milliamperage were disregarded. Rab- 
bits were used for intravenous administmtions, 
and rats for gastric. Twelve animals were used 
for each drug or combination with diphenylhy- 
dantoin. All doses were per kilogram body weight, 
usually repeated for continued action. 

The following agents used alone raised the 
threshold of e.vcitability ; diphenylhydantoin (2.6 
mgm.), ergonovine (0.05-0.1 mgm.), ephedrine 
(2.5 mgm.), benzedrine (5-25 mgm., slight), cal- 
cium gluconate (1 gram, slight). The following 
decreased the threshold; aminophyllinc (10-100 
mgm.), ephedrine (5 mgm., slight), papaverine 
(25-50 mgm.), and sodium nitrite (75 mg.). The 
following were ineffective: fldext. ergot (1 cc.), 
ergotamine (0.125 mgm.), tyramine (5 mgm.), 
epinephrine (0.1 mgm.), cinchophen (10 mgm.), 
azosulfamide (0.2 gram), quinine (40 mgm.), and 
parathyroid solution (0.2 cc.). 

Combining the following with diphenylhydan- 

‘n raised the threshold for diphenylhydantoin 
e, chiefly by summation: ergonovine, ergota- 
, fldext. ergot and other ergot products. 

' ose changes were confirmed in rats. Combina- 
tions of the following decreased the threshold for 
diphenylhydantoin : aminophyllinc, ephedrine 
(2.5 mgm., slight), epinephrine, tyramine, para- 
thyroid, nitrite and papaverine. The following 
combinations were ineffective on diphenylhydan- 
oin : benzedrine, quinine, cinchophen, calcium 
gluconate and azosulfamide. Provisionally, it ap- 
pears that a sustained generalized vasoconstriction 
(cerebral ischemia ?} favors the anticonvulsant 
efficiency of diphenylhydantoin, while vasodilata- 
tion is unfavorable. 

Further observations on the antagonistic ac- 
tions of N-allyl-normorphine against morphine. 
E. Ross Haht (introduced by C. M. Gruber). 
Jefferson Medical College. Further study has con- 
firmed the preliminary conclusion that N-allyl- 
normorphine has an action similar to that of N- 
allyl-norcodcine in antagonizing the effects of 
morphine on the respiratory mechanism. Intra- 
venous injection of 5mgm./kgm. of the ally! deri- 
vative into rabbits will prevent or abolish the 
respiratory depression from 10 mgm./kgm. of 
morirhine, depending upon the sequence of injec- 
tions. When given before morphine, the allyl 
compound causes no stimulation of respiration and 
no change in the sensitivity of the respiratory cen- 
ter to carbon dioxide. However, when the allyl 
derivative is given after morphine the respiration 
is stimulated beyond the normal level and the 
respiratory center becomes more sensitive to car- 
bon dioxide than before morphine. The hyper- 
pnea and hypersensitivity last only a few minutes 
and respiration then becomes normal. Subsequent 
depression has not been observed up to three or 
four hours later at which time the experiments 


were discontinued because of restlessness on the 
part of the animal. 

Observations on two cats, while not entirely 
conclusive, seem to indicate that Nmllyl-normor- 
phine is less stimulant in this species than mor- 
phine. Studies of other actions of this compound 
are in progress. 

The role of the glossopharyngeal nerve in 
cardiovascular reflexes. Chahles C. Herbeht 
(introduced by Robert C. Batterman). Depl. of 
Therapeutics, New York Univ. College of Medicine, 
and Psychiatric Division, Bellevue Hospital, New 
York City. That in man the carotid sinus is in- 
nervated by the cervical sympathetic, glosso- 
pharyngeal, vagus, and hypoglossal nerves is 
known, but knowledge of the function of the fibers 
from each of these sources has been gained indi- 
rectly or only guessed, for heretofore no discreet 
destruction of all the fibers of one origin has been 
carried out and the results studied. 

By section of the ninth nerve intracranially cen- 
tral to its ganglia, carotid sinus sensitivity was 
abolished ipsolaterally in a patient with bilateral 
sensitivity, thereby demonstrating that afferent 
fibers from sources other than the ninth nerve, if 
they exist at all, must be of little or no importance, 
at least as far as carotid sinus sensitivity, as we test 
it, is concerned. It is suggested that this opera- 
tion is preferable for the treatment of carotid 
sinus sensitivity, as no nerve regeneration is 
possible. Interesting records obtained before, 
during, and after operation arc shown. 

A case of ninth nerve neuralgia initiating cardiac 
arrest, vasodilatation, fall in blood pressure, syn- 
cope, and generalized convulsion is presented with 
electrocardiographic, cncephalographic, and other 
objective evidence of the blocking of the various 
components of the responsible reflex arc. 

Another case of ninth nerve neuralgia as.sociated 
with syncope and convulsion in a patient with 
carotid sinus sensitivity in addition is described. 
After perijrhcral stripjiing of the carotid sinus re- 
gion, the sensitivity was abolished but the syn- 
cope still occurred with the ninth nerve nouvulgia. 

A review of the published case histories ofglo.sA'o- 
pharyngeal neuralgia suggests that in scvcnil in- 
stances a similar syndrome was present, but no 
specific correlation among ninth nerve neuralgia, 
cardiac arrest, and syncope has boon previously 
recognized. 

Observations on the action of drugs in PJa.s- 
modium lophurac infections. R. I. Hewitt (by 
invitation) and A. P. Richardso.v. Dcpls. of 
Pharmacology and Preventive Medicine Univ. of 
Tennessee Medical School, and the Health and 
Safety Dept., Tennessee Valley Aulhoriiy. The 
viewpoint is expressed in many published work.s 
that quinine, afabrinc, or plasmoehin are not di- 
rcctly plasmodicid.il drug.s, but produce their effect 
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indirectly in malnria. We have been particularly 
impressed, however, by the degenerative changes 
which occur in Plasmodium loph^irae in the duck 
following the administration of effective drugs, 
not only as regards the general nature of these 
clianges, but the specific changes produced by 
each drug. 

When quinine, atabrine, or plasmochin are ad- 
ministered to ducks heavily parasitized with P. 
lophurae, all stages of the parasites show striking 
degenerative changes within 24 hours following the 
first dosage. Vacuolization, karyolj'sis, karyor- 
rhexis and complete dissolution of the cytoplasm 
occur. When blood containing parasites from 
treated donors is inoculated into clean birds, using 
dosages comparable to control subinoculations from 
untreated donors, the parasitological periods are 
considerably delayed. Plasmochin produces the 
most marked effects, and subinooulations from 
pLasmochin-treated donors produce infections of 
low intensity and the latent period may be de- 
layed for as long as two weeks as compared with 
controls. 

Degenerative changes in the parasites can also 
be produced in vUro by placing plasmochin in a 
test tube with heavily parasitized blood, and these 
clianges are indistinguishable from those produced 
in vivo. We have not formed an opinion as regards 
the mode of action of these drugs, but whatever 
this mechanism may be the end result is certainly 
a toxic effect upon the parasites. This toxic effect 
is demonstrable in the changed appearance of the 
parasites during treatment, and the delayed in- 
fections when treated blood is used as an inoculum. 
[The work described in this paper was done under 
a contract, recommended by the Committee on Medi- 
cal Research, between the Office of Scientific Re- 
search and Development and the University of 
Tennessee.] 

Comparison of antidotes for phenol burns of the 
skin. John U. Keating (by invitation) and 
Janet Travell. Dept, of Pharmacology, Cornell 
Vniv. Medical College, New York City. Some 
organic chemists recommend bromine in glycerin 
as the antidote of choice in phenol burns, since 
phenol is rapidly converted to tribromphenol. In 
rabbits and cats we compared this antidote with 
several others using suitable intervals after appli- 
cation of liquefied phenol to the unabraded skin 
depilated S days previously. Solutions of bro- 
mine in glycerin proved no more effective than 
glycerin alone. Furthermore, tribromphenol it- 
self was somewhat irritant. There is therefore no 
justification for the above recommendation. 

For removing phenol from the skin, Goodman 
and Gilman recommend 50 per cent alcohol or cas- 
tor oil, and Sollmann, alcohol or whiskey and an 
oil dressing. Of the substances which we tested, 
95 per cent alcohol nns by far the most effective. 


Others ranked in order of effectiveness; (1) 25 
per cent alcohol, (2) glycerin, bromine in glycerin, 
cod liver oil, (3) water, cottonseed oil, and (4) 
olive oil and castor oil. Contrarj'^ to general belief, 
oils differ appreciably in their antitotal value, and 
water and cottonseed oil have an equivalent effi- 
ciency. These conclusions were based on the de- 
gree of corrosion present 24 hours later rather than 
on immediate blanching; the immediate effect 
does not necessarily parallel the end result. This 
is confirmed by the widely misinterpreted experi- 
ments from Sollmann’s laboratory (J. A. M. A. 
46: 782, 1906) which showed blanching of the 
fingers exposed to liquefied phenol and treated 
with water, 25 per cent alcohol and 25 per cent 
glycerin, but no blanching with turpentine and 
cottonseed oil, although next day the roughening 
of the skin n-as “alike in all the fingers.” 

The influence of phenisopropyl amine and 
phenisopropyl methyl amine on work output. P. 
K. Knoeeel. Dept, of Pharmacology, Univ. of 
Louisville School of Medicine, Louisville, Ky. 
The influence of beta-phenisopropyl-amine (“Ben- 
zedrine,” “Amphetamine”) and beta-phenisopro- 
pyl-methyl-amine (“Desoxyephedrine,” “Pervi- 
tin”) on work output was studied in seven subjects 
with a bicycle ergometer. The pedaling was at a 
constant rate of 59 revolutions per minute ; the load 
was increased every ten minutes from the original 
rate of working of 560 kilogram meters per minute. 
At the point of inability to continue at that rate, 
the subject stopped and rested for ten minutes, 
then rode again until unable to continue. The 
dextrorotatory, levorotatory, and racemic forms of 
the compounds were used, and were alternated 
with lactose. Doses of 10 or 20 mgm. of the sul- 
fates of the compounds were given two hours 
before working. The greatest augmentation of 
work output in any subject was from an average of 
25,320 kgm. m. with lactose to 40,745 kgm. m. after 
40 mgm. dl phenisopropyl-methyl-amine. Four 
other subjects gave smaller increases in work 
output, two were not influenced by the doses given. 
With each compound, the dextro isomer was more 
active than the levo isomer. Twenty mgm. of the 
racemic compound was more active than 10 mgm. 
of the dextro form. Comparisons of the pheniso- 
propyl-amine and the phenisopropyl-methyl-amine 
were obtained in five subjects. The methyl- 
amine was the more active in three of these, the 
amine the more active in two. An increase in 
arterial pressure commonly resulted from the 
compounds, and was uniformly greater with the 
phcnisopropyl-amine. [These experiments were 
done in the Department of Physiology, University 
of Wisconsin School of Medicine.] 

The vasomotor reversal in yohimbine-treated 
dogs. TuEODonE Koppanyi, CnAnnES R. Lixe- 
G.AR and Robert P. Herwick. Dept, of Pharma- 
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oology and Materia Medica, Georgetown Univ., 
School of Medicine. Yohimbine and its derivatives 
are usually considered sympatholytic and adreno- 
lytic drugs, pharmacologically allied with ergo- 
toxine. Experiments performed in dogs under 
various anesthetics yielded the following results: 

1. Yohimbine does not have an ergotamine-like 
initial pressor effect but always produces a con- 
siderable fall in blood pressure. This fall is mini- 
mized by injecting the drug intramuscularly. 

2. Yohimbine (aphrodine) hydrochloride, in 
doses of 1.0 mgm. per kilogram or more given by 
vein of 3.0 mgm. or more given by muscle, produces 
a vasomotor reversal to epinephrine irrespective 
of the anesthetic agent. It is, unlike the ergot 
alkaloids, fully effective under barbiturate nar- 
cosis. The larger the dose of epinephrine the 
greater the fall in blood pressure except when ex- 
cessive doses are employed. 

3. In animals, showing complete vasomotor re- 
versal to epinephrine, electrical stimulation of the 
lumbar sympathetic chain resulted in blood pres- 

-sure rises comparable to those seen before yohim- 

^ e administration. These vasopressor responses 
often followed by appreciable falls in blood 

essure which could be prevented by clamping 
both adrenal veins. 

4. The effect of adrenin mobilized by nerve 
stimulation or by adrenal massage is reversed by 
yohimbine. Nor-epinephrine effects are not re- 
versed. 

5. Atropine yielded variable results; in some 

ses it abolished or diminished the vasomotor re- 
als and in others it left them unchanged. 

. Yohimbine did not interfere with the pressor 
effects of nicotine and of large doses of acetylcho- 
line (in atropinized animals). 

It is concluded that the vasomotor reversal seen 
after yohimbinization cannot be adequately ex- 
plained on the basis of sympathetic p.aralysis. 

The anesthetic properties of isopropenyl methyl 
ether. John C. Krantz, Jr., C. Jelleff Carr, 
William E. Evans, Jr. and by invitation. Sylvan 
E. Forman. Dept, of Pharmacology, School of 
Medicine, Univ. of Maryland. In a former com- 
munication the authors reported their studies on 
the anesthetic properties of cycloprop 3 d methjd 
ether (Cyprome Ether) and its isomer, allyl 
methyl ether. The former gave promise in its 
pharmacological investigations and has been used 
successfully in man. The latter was irritatingand 
hepatotoxic to several species of laboratory ani- 
mals and was hence not used clinically. In the 
studj' of the isomers of cj'prome ether, the authors 
prepared isopropen}-! methyl ether. This com- 
pound has been called isoprome ether. Structural 


relationships are apparent from the following 
formulas. 

H H H 
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I I 

H CHs 

Isoprome Ether 

It is a volatile colorless liquid with an ethereal, 
characteristic odor and boils at 35®C. 

Its anesthetic index appears to be 3 times greater 
than ethyl ether and its potency is approximately 
equal to that of cyprome ether. In many species 
of laboratory animals it is an excellent anesthetic 
giving rise to complete re]a.\'ation of the abdominal 
musculature. Other studies are in progress on 
animals and on man. 

The action of some “heart stimulants” on the 
contraction of isolated mammalian cardiac 
muscle. Stephen Krop (introduced by McKcen 
Cattell). Dept, of Pharmacology, Cornell Univ, 
Medical College, New York City. The action of 
camphor, pentamethylene tetrazol (“Mctrazol”, 
“Cardiazol”, nikethamide (diethylamide of pyri- 
dine /3-carboxylic acid) (“Coramine”), and bar- 
ium chloride was studied on the force of contrac- 
tion of isolated mammalian cardiac muscle. The 
heart muscle preparation used was the papillary 
muscle of the cat’s right ventricle, "driven” 
rhythmically at a constant rate by electrical stimu- 
lation and under constant initial tension in Locke’s 
solution at 38°C. The isometric response was 
recorded photographically at intervals. Wlien the 
“systolic” tension became steady, the nlrove drugs 
in suitable quantity were added to the IjOcUc's 
solution. 

Camphor did not increase the “systolic” force 
at any concentration used; in concentrations of 
1,25,000 it caused a reduction of the “systolic” 
force. The toxic effects of higher concentrations 
w'erc a marked reduction in contractile force and, 
ultimately, incxcitability. Pentamethylene tetra- 
zol likewise did not increase the “systolic” tension 
even in concentrations .as high as 1:1,000; it is 
nontoxic at concentrations as high as 1:1,000. 
Nikethamide also was ineffective, and caused de- 
pression at 1:5,000 or higher concentrations. 
Barium chloride was found toxic in 1:5,000 and 
higher concentrations, and has no “digitalis-like 
action.” 

It is concluded that the above drugs arc inc;ip- 
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able of augmenting the force of failing mammalian 
cardiac muscle in concentrations expected in the 
blood stream of man following therapeutic doses. 
Consequently any alterations in cardiac function 
which might occur after these drugs in the intact 
mammal or in the isolated heart or heart-lung 
preparation are presumably secondary to changes 
in heart rate, coronary flow, or venous return to the 
heart. 

The pharmacology of some phenylethyl amines. 
I. Vasopressor, nydriatic action and toxicity. 
■A. M. Lanbs and C. W. Geiter (introduced by 
F. F. Yonkman). Frederick Stearns and Com- 
pany, and Wayne Medical College, Detroit. In 
this investigation the hydrochlorides of the follow- 
ing were used: etKyl-beta -phenylethyl amine (I), 
allyl-beta-phenylethyl amine (II), diethyl-beta- 
phenylethyl amine (III), dibutyl-beta -phcnyl- 
cthyl amine (IV), methyidi -beta -phenylethyl 
amine (V), ethyldi-beta-phenylethyl amine (VI), 
propyldi-beta-phenylethyl amine (VII) and tri- 
beta -phenylethyl amine (VIII). Compound 1, 0.05 
mgm./kgm., injected intravenously into dogs an- 
esthetized with nembutal, produced a rise in 
carotid pressure. Doses of 0.5 mgm./kgm. induced 
rises of 30-S0 mm. Hg lasting 10-20 minutes. Doses 
of 0.5-2 mgm./kgm. produce an initial but transi- 
ent fall followed by the sustained rise in pressure. 
These responses are not potentiated by cocaine. 
Compounds II, VII and VIII were without effect 
on blood pressure. III and VI caused a transient 
fall and V usually caused a fall although in a few 
instances the fall was followed by a slight rise. 
Compound IV caused a transient fall, followed 
again by a slow reduction in blood pressure. Doses 
ns large as 0.5 mgm./kgm. sometimes caused death. 

In the unanesthetized dog, the subcutaneous in- 
jection of 0.6-1 mgm./kgm. of compound I gave a 
rise in systolic blood pressure of 15-25 mm. Hg 
within 20-40 minutes and lasting 60-80 minutes. 
A bradycardia of 15 to 30 beats/minute was ob- 
served at the peak of the pressure. The heart 
rate returned to normal somewhat more slowly 
than did the blood pressure. \ 2 per cent solution 
of compound I instilled into the human conjuncti- 
val sac caused a maximum degree of mydriasis 
within 2 hours with some pupillary dilatation for 
over 4 hours. Intravenous injection of 20-30 
mgm./kgm. into unanesthetized albino rabbits 
caused moderate mydriasis, lasting about 30 
minutes. 

Compound I has a low toxicity. Subcutaneous 
doses of 300-800 mgm./kgm. caused only an occa- 
sional death. Intravenous injections of 75 mgm./ 
kgm. ns a 2 per cent solution into albino rabbits 
were tolerated. 

The action of antispasmodic drugs on uterine 
motility. G. LEHM.txx. Dept, of Pharmacology, 
Univ. of Louisville School of Medicine, Louisville, 


Ky. There is an apparent contradiction between 
the clinical usefulness of antispasmodic drugs like 
syntropan in dysmenorrhea and their action on 
uterine motility in experimental animals. For 
this reason the action of such drugs has been stud- 
ied on isolated strips of human uteri. Syntropan 
and other tropic acid derivatives produced either 
contraction or had no effect while a number of 
other drugs caused relaxation. These were sub- 
stances which were able to relax spasm of the in- 
testine, produced by histamine. Thus only com- 
pounds with a marked histamine-antagonizing 
action induced relaxation of the myometrium, 
whereas substances which lack this property, as 
atropine and syntropan had either no or astimu- 
lating action. The acetylcholine-antagonizing ac- 
tion of these compounds is apparently not con- 
cerned with the relaxing effect of antispasmodic 
agents. Somewhat similar results were obtained 
from experiments on decerebrate cats and anes- 
thetized rabbits, both in “vivo” and in “vitro.” 

This suggests that the pain-relieving action of 
syntropan and similar drugs is hot due to relaxation 
of the corpus uteri. 

The influence of the potassium content of the 
environment on the action of the cardiac glyco- 
sides on the isolated heart. Robert A. Lehman 
and George Pait (by invitation). Dept, of 
Therapeutics, New York Univ. College of Medicine 
and the Dept, of Anatomy, Long Island College of 
Medicine. The qualitative effect of a number of 
cardiac glycosides on the isolated embryonic chick 
heart has been previously described and the rela- 
tionship between time and concentration has been 
explored with respect to the initiation of atrio- 
ventricular block. Thus it was found that the 
logarithm of the concentration of the glycoside is a 
linear function of the logarithm of the time neces- 
sary for the appearance of block. Using the same 
technique, a family of log time-log concentration 
curves was determined for the same glycoside at 
concentrations of potassium in the Tyrode solution 
bathing the heart ranging from 1.5 to II. 0 millimols 
per liter. From each of these curves there was 
computed by interpolation a concentration of the 
drug with its standard error which would produce 
atrio-ventricular block at one arbitrarily selected 
time. It immediately appeared that the glycoside 
concentrations so obtained were directly propor- 
tional to the potassium concentration of the me- 
dium. The same relationship was found to hold 
for each member of the famil}', lanatosidc A-digi- 
toxin (Merck)-digitoxigcnin, which are representa- 
tive of the genuine glycoside, progenin, and genin 
types respectively. It should be pointed out tliat 
the potassium concentrations used in these ex- 
periments were within the range which permit the 
embryonic heart to function normally. It was 
further found tliat at potassium concentrations 
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below one millimol per liter a typical atrio-ven- 
tricular block will appear in the absence of a car- 
diac glycoside. It is generally conceded that the 
glycosides in toxic amounts will cause a loss of 
potassium from the isolated or intact mammalian 
heart. Hence the data suggested that a high po- 
tassium concentration in the external environment 
decreases the concentration of differential within 
and without the muscle cells with the result that 
proportionately more glycoside is necessary to pro- 
duce block within the same time. 

The antispasmodic action of some para-xenyl 
acetic acid esters. J. R. Lewis, A. M. Lands 
and C. W. Getter (introduced by F. F. Yonkman). 
Frederick Stearns and Company, and Wayne Medi- 
cal College, Detroit. The antispasmodic action of 
the hydrochlorides of several derivatives of the 
biphenyl compounds, b-diethylaminoethyl-p-xenyl 
acetate, b-piperidinoethyl-p-xenyl acetate, y- 
diethylaminopropyl-p-xenyl acetate and y-piperi- 
dinopropyl-p-xen 3 d acetate, has been determined 
on the isolated rabbit jejunum according to the 
technique of Magnus. Compounds with a methyl, 
ethyl, propyl, phenyl or cyclohexyl substitution on 
the acetate radical were tried for all the above 
esters except the last, in which case only the 
methyl and phenyl substitutions were available. 
In all instances, the methyl derivatives were the 
most active. Thus b-diethylaminoethyl-p-xenjd 
acetate HCl relaxes the unstimulated jejunal seg- 
ment in 1:100,000-1:200,000 whereas b-diethyla- 
minoethyl-methyl-p-xenjd acetate relaxes in 
1 : 1,000,000-1 : 2, 000 ,000 ; b-piperidinoethyl-p-xenjd 
acetate relaxes in 1:200,000-1:400,000 whereas 
b-piperidinoethyl-methyl-p-xenyl acetate will 
’■elax in 1:2,000,000-1:4,000,000; y-diethylamino- 

jpyl-p-xenyl acetate relaxes in 1:40,000 whei’e- 
as y-diethylaminopropyl-methyl-p-xenyl acetate 
relaxes in 1:1,000,000-1:2,000,000. Compound 
y-piperidinopropyl-methyl-p-xenyl acetate re- 
laxes in 1:500,000-1:1,000,000. Increase in the 
size of the substituted group to ethyl, propyl, 
phenyl, or cyclohexyl, resulted in a reduction 
in antispasmodic activity from that of the methyl 
compound. 

Intravenous injection of b-piperidinoethyl- 
methyl-p-xenyl acetate were made into anesthe- 
tized dogs and rabbits and recordings made of the 
motilitj' of the intact jejunum. Moderate relaxa- 
tion was obtained in the rabbit with 0.05-0.1 mgm./ 
kgm. and in the dog with 0.5 mgm./kgm., lasting 
for about 15 minutes. Intravenous doses of 1.0 
mgm./kgm. had no effect on the carotid blood 
pressure of dogs. The p-xenj'l acetates are irri- 
tating to the rabbit conjunctiva; with resulting 
hj’peremia and edema and in some instances cor- 
neal opacity. The toxicity of the most active 
compound, b-piperidinoeth 3 'l-methj’l-p-xenyl ace- 
tate, was determined in albino mice b 3 ' intra- 


peritoneal injection. A dose of 150 mgm./kgm. 
killed 13 out of 25 mice, most of the deaths occur- 
ring within the first few minutes. In general, 
toxic manifestations were those of central stimula- 
tion. 

The place of gelsemine in autonomic pharma- 
cology. Charles R. Linegar, Theodore Kop- 
PANYi and Frank A. Bartimo (by invitation). 
Dept, of Pharmacology and Materia Medica, George- 
town Univ., School of Medicine. Piperidine and 
its allies, coniine and sparteine, depress both 
parasympathetic and sympathetic ganglia as shown 
by the abolition of the cardiac vagus effect and the 
pressor response to nicotine. They do not inter- 
fere with the vasodepressor effect of acetylcholine; 
the pressor effect of epinephrine is potentiated 
rather than abolished following their administra- 
tion. 

Since gelsemine is considered a close ally of 
coniine, it was deemed advisable to reinvestigate 
its pharmacological action. The results obtained 
in dogs established that there is no similarity be- 
tween gelsemine and the piperidine allies. 

1. Gelsemine (Gelseminine hydrochloride — 
Merck) in doses of 0.1 to 3.0 mgm. per kgm. in- 
jected intravenously produces a sliarp fall and not a 
rise in blood pressure. On intramuscular adminis- 
tration it has no effect on blood pressure. The 
magnitude of vasodepression diminishes on re- 
peated administration until no effect is obtained. 
Larger initial doses produce acute tolerance more 
rapidly. Intramuscular injection of large doses 
also protects against vasodilation from intravenous 
doses of gelsemine. This tachyph 3 daxis is, there- 
fore, similar to that seen after morphine adminis- 
tration; intravenous doses of morphine produce 
only slight falls in blood pressure in animals 
treated with gelsemine, thus showing that gelse- 
mine protects against morphine. 

2. Since gelsemine abolishes the effect of the 
electrical stimulation of the cardiac vagus and also 
of intravehous acetylcholine injections, its point of 
action is probably not located in the parasympa- 
thetic ganglia. 

3. Gelsemine does not abolish the pressor effect 
of nicotine, on the contrary, in some cases these 
pressor effects appear potentiated. 

4. Gelsemine does not enhance the pressor effect 
of epinephrine. 

Intravenous (“slow drop”) toxicity of sobis- 
minol in experimental syphilis. F. P. Ludue.^a. 
Dept, of Pharmacology and Therapeutics, Stanford 
Univ. School of Medicine, San Francisco, Calif. 
Sobisminol solution injected intravenously’ by a 
slow “drip method” was found to be about once 
as again as toxic in syphilitic rabbits as in the nor- 
mal. The local lesions and infectious organisms 
were not affected because an adequate antisyphili- 
tic dose of bismuth could not be administered due 
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to lack of tolerance for the metal intravenously. 
Confined normal and syphilitic rabbits showed 
definite reductions in plasma ascorbic acid, but 
the prolonged administration of large doses of 
ascorbic acid did not increase the tolerance of 
sobisminol intravenously, nor did this vitamin 
have a demonstrable antidotal action. Therefore, 
there was no demonstrable relationship of a hypo- 
vitaminosis of C and an intolerance of bismuth as 
has been reported clinically for the arsenicals and 
some other hea^’y metals. The intravenous in- 
tolerance and antisyphilitic inefficiency confirm 
the long suspected undesirability of using bismuth 
intravenously in treating syphilis. 

D-tuboenrarine and quinine methochloride. A. 
R. McIntybb and R. E. King (by invitation). 
Depl. of Physiology and Pharmacology, Univ. of 
Nebraska College of Medicine, Omaha. Although 
both the active alkaloid of Chondodendron Tomen- 
losum (d-tubocurarine) and quinine methochloride 
block motornerve impulses at the nerve-muscle 
junction, we have found many pharmacological 
differences between them. Quinine methochloride 
inhibits dog-serum cholinesterase, d-tubocurarine 
does not. When quinine methochloride is injected 
intra-arterially into a dog anesthetized with sodium 
barbital, paralysis of the myoneural structures 
supplied by the injected artery is not abolished by 
either acetylcholine or physostigmine. Acetylcho- 
line and physostigmine both antagonize d-tubo- 
curarine paralysis. Asphy.via augments the para- 
lytic action of quinine methochloride but with 
tubocurarine asphyxia appears to render the myo- 
neural junction somewhat more resistant to paraly- 
sis. The duration of a minimal paralytic dose 
(M.P.D.) of quinine methochloride is approxi- 
mately only one fourth the duration of a M.P.D. of 
d-tubocurarine. Subparalytic doses of quinine 
methochloride at first slightly augment the muscle- 
response to single spike shocks applied to the nerve, 
there is no augmentation with d-tubocurarine. 
Intravenously injected, quinine methochloride 
causes a sharp fall in blood pressure and an initial 
stimulation of respiration. D-tubocurarine causes 
no change in blood-pressure and no initial stimula- 
tion of respiration. The differences of the two 
substances upon the blood-pressure and the res- 
piration are possibly explained by their difference 
in action upon serum cholinesterase. 

Pulmonary and systemic blood pressure 
changes produced by intravenous injections of 
neoarsphenamine. David Marsh (by invitation) 
and R. A. Woodbttrv. Dept, of Physiology and 
Pharmacology, Univ. of Georgia School of Medi- 
cine, Augusta. Simultaneous arterial and venous 
pressures of the systemic and pulmonary circula- 
tions were determined by sounds in the right and 
left ventricles. Intact rabbits, cats and dogs 
(with and without anesthesia) receiving 100 mgm 


kgm. of neoarsphenamine showed the typical fall 
in systemic arterial pressure (SAP) and rise in 
pulmonary arterial pressure (PAP). The pul- 
monary venous pressure (PVP) was not elevated' 
this proves that the elevated PAP is not dependent 
upon left heart inadequacy. An increased pul- 
monary resistance is responsible since the pulmo- 
nary' gradient (PAP minus PVP) became greater. 

Pulmonary vasoconstriction, multiple emboli 
and injury to the pulmonary vascular endothelium 
have been suggested as the cause for increased 
pulmonary resistance. Vasoconstriction may con- 
tribute little, since vasomotor drugs in dogs, even 
in large doses, fail to produce significant increase in 
pulmonary resistance. Multiple emboli do not 
play a necessary role because injection of the 
drug in sufficient dose into a portal branch pro- 
duced a delayed rise in PAP of about the same 
e.xtent as half the dose into a systemic vein. Di- 
rect damage to the lungs was evidenced by the 
frequent finding of severe pulmonary edema in 
dogs and rabbits but not cats, regardless of the 
route of administration or of the elevation of PAP. 

Epinephrine does not antagonize the rise in 
pulmonary pressure since cardiac inadequacy was 
not present. Atropinization does not prevent the 
rise in pulmonary pressure. [This work was aided 
by a grant from the American Medical Association, ] 

The optimal dose of mercurial diuretics. Wal- 
ter MoDELii (introduced by Harry Gold). Dept, 
of Pharmacology, Cornell Univ. Medical College, 
New York City. The effects of varying doses and 
different modes of administration of mercurial 
diuretics were studied in 37 ambulatory patients 
with congestive heart failure. These patients all 
required diuretics to maintain a resonable state of 
comfort. The effects of the diuretics were deter- 
mined by' the loss of weight produced in approx- 
imately 15 hours. With periodic doses it was 
possible to maintain an equilibrium between the 
diuresis produced by the mercurial and the edema 
which accumulated in the period between injec- 
tions. Thus the weekly weight curve was flat and 
the diuretics were given to patients in essentially 
the same state on each occasion. 

Alternate injections of varying doses were made 
in the same patients and compared ; each subject 
therefore acted as his own control. A sufficient 
number of injections were made to give statistic- 
ally valid data. 

These results indicate tliat the relative effective- 
ness of small doses of mercurial diuretics is greater 
than that of large doses. For e.xampio, the total 
diuresis produced by' a 2 cc. intravenous injection is 
on the average only 25 per cent greater tlian that 
produced by’ a 1 cc. dose. The use of ammonium 
chloride increased the effectiveness of both 1 and 
2 cc. doses by about 15 per cent. The administra- 
tion of two 1 cc. doses a week, separated by an 
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interval of 3 or 4 days, produced 20 per cent greater 
total weight loss than a single 2 cc. injection 
weekly, and also maintained the patient in a state 
of greater comfort. It was also found that intra- 
venous and intramuscular injections of the same 
dose produced the same amount of diuresis. 

Effects of d-, 1- and r-amphetamine sulfate on 
the oxygen consumption of morphinized dogs. 
James L. Morrison (by invitation) and Bene- 
dict E. Abreu. Depts. of Pharmacology and Phys- 
iology and Pharmacology, Emory Univ. School of 
Medicine, Atlanta, and Univ. of Georgia School of 
Medicine, Augusta. The o.xygen uptake of brains 
of dogs depressed by morphine has been shown to 
be increased by r-amphetamine (Am. J. Physiol. 
133: P314, 1941). Other studies (U. C. Publ. 
Pharmacol. 2: 99, 1942) indicate that the oxygen 
consumption of morphinized rats is increased fay 
r-amphetamine. Since the activity of the three 
isomers of amphetamine varieties, d-amphetamine 
usually being the most active (Proc. Soc. Exper. 
Biol, and Med. 42: 206, 1939), their influence 
upon the oxygen consumption of morphinized dogs 
was investigated. 

Oxygen consumption determinations were done 
in duplicate by means of the Sanborn Motor-Grafic 
Metabolor on 4 dogs which had received morphine 
sulfate 10 mgm./kgm., subcutaneously, 50 minutes 
previously. These two values were used as con- 
trols. Each animal then received 0.5 mgm./kgm. 
dosages intravenously of either r-amphetamine 
sulfate, d-amphetamine sulfate or 1-amphetamine 
sulfate after which duplicate determinations of 
oxygen consumption were made. Animals were 
allowed to recover for a period of 3-4 days following 
the administration of morphine and one of the 

■ t - iamines. The oxygen consumption was in- 
■ jased from the basal morphine level by r-amphe- 
tamine 13 per cent (10-14), by d-amphetamine 22 
per cent (14-34) and bj’’ 1-amphetamine 15 per cent 
(4-30). 

Only the change produced by d-amphetamine has 
as yet been shown to be significantly different 
from that resulting from 1- or r-amphetamine ad- 
ministration. [This work was aided by a grant 
from the American Medical Association.] 

The complete inhibition of the hypoglycemic 
action of insulin during ether anesthesia. S. A. 
Peoples. Dept, of Physiology and Pharmacology, 
Univ. of Alabama School of Medicine, University. 
Dogs were anesthetized with ether, using a closed 
sj’’stem in order to maintain a constant level of 
anesthesia for 2 hours. In series A 4 units per 
kilo of insulin were given subcutaneously one 
minute before the anesthesia was begun. In series 
B no insulin was given . Blood samples were taken 
every 30 minutes during and for 3 hours after the 
anesthesia and analyzed for glucose, CO: com- 
bining power and lactic acid. 


The blood sugar curves during anesthesia were 
essentially the same in both A and B, rising quickly 
to 175-225 mgm. per cent and levelling off there. 
During recovery in B there was a gradual return to 
normal values over a period of 2-3 hours, but in A 
there was a rapid fall to convulsive levels in 1-lJ 
hours. The fall in CO: combining power and the 
proportional rise in lactic acid during anesthesia 
were the same in both A and B, but during recovery 
their return to normal was delayed. 

Ether apparently has the property of completely 
inhibiting the hypoglycemic action of insulin. 
That this is an inhibition and not destruction or 
increased elimination is shown by the fact that 
dogs regularly developed convulsions 1-1^ hours 
after anesthesia or 3-31 hours after the insulin was 
given. 

Trypanocidal activity and arsenic content of 
rat blood following intravenous administration of 
mapharsen. Lawrence Peters (by invitation) 
and Harold N. Wright. Univ. of Minnesota 
Medical School. The relationship of the arsenic 
content of rat blood following the intravenous ad- 
ministration of maximum tolerated doses of ma- 
pharsen to the degree of trypanocidal activity of the 
blood was determined by comparing the trypano- 
cidal activity in vitro of successive dilutions of 
blood removed from injected rats at varying time 
intervals against the direct in vitro trypanocidal 
activity of mapliarsen using the same dilution 
medium and trypanosome inoculum. Cultures 
were examined microscopically after eighteen 
hours incubation at 37°C and checked by intra- 
peritoneal inoculation into rats or mice. 

The trj’-panocidal period showed three phases. 
During the first hour the arsenic content and try- 
panocidal activity of the blood declined parallel to 
one another, the trypanocidal activity of the blood 
being equal to that which could be expected on the 
basis of its arsenic content, the percentage of ar- 
senic possessing trypanocidal activity being 100 
per cent after two and one-half minutes. 98 per 
cent after fifteen minutes, and 91 per cent after 
one hour. From the second to the eighth hour, 
the trypanocidal activity declined much more 
rapidly than the arsenic level, only 15 per cent 
being trypanocidal after four hours and 4.5 per 
cent after eight hours. Between twelve and 
forty-eight hours a secondary rise in blood arsenic 
occurred, but the trypanocidal activity continued 
to decline, only 1 per cent being trypanocidally ac- 
tive after twelve and eighteen hours, 0.5 per cent 
after twenty-four hours, and the blood complctelj 
losing its trypanocidal properties after thirty-six 
hours, although the arsenic concentration was 200 
times the minimum concentmtion required for 
trj’panocidally active arsenic. 

The effect of growth-factor upon the body 
weights of starving or underfed rats. Luo 
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PoMERANTZ (by invitation) and Michaei. G. 
Mtjunos. Depl. of Pharmacology, College of 
Physicians and S^irgcons, Columbia Univ., New 
York City. The loss in body weight occurring 
during complete starvation or underfeeding can 
be influenced bj^ anterior pituitary extracts. Ex- 
perimentally underfed rats with a constant low 
bodj' weight have been made to gain weight when 
injected with growth-factor, (Squibb Anterior 
Pituitary Extract), despite continued underfeed- 
ing. When injections of growth-factor were begun 
simultaneously udth the beginning of a starvation 
or underfeeding period, rats lost less in weight 
than did their saline injected littermate controls. 
Cessation of injections of growth-factor resulted in 
a sudden drop in body weight towards the level of 
the controls. 

When rats were refed after a prolonged period of 
under-nutrition (6 to 12 mos.) they gained rapidly 
in body weight. However, this precipitous rise in 
weight could be further augmented by injections 
of growth-factor. The augmentation vras not as 
noticeable during the initial period of weight rise 
(when the rate of gain was very marked) as it was 
when the slope of the body weight curve began to 
plateau. The greater gain in body weight of the 
refed growth-factor injected rats, over tirat of the 
refed controls was not dependent upon an increased 
food and water intake, because the increased gain 
occurred on amounts of food and water about equal 
in the two groups. 

In previous work (J, Nutrition 19; 493, 1940) it 
was shown that inanition depressed the adrenotro- 
pic and gonadotropic activities of the hypophysis. 
It is suggested that the depression of the hypophy- 
sis results in a diminution of the growth-factor ac- 
tivity of the gland as well. 

On the supposed synergism of morphine and 
strychnine. E. L. Pobtek and J. C. Lockh.\bt 
(introduced by C. D. Leake). Dept, of Physi- 
ology, Medical School, Univ. of Texas, Galveston. 
It has been supposed that morphine and strych- 
nine act synergistically on the nervous system of 
the organism, the spinal cord being primarily in- 
volved. Such synergism would not be expected 
in view of the general depressant action of mor- 
phine. We have tested the matter on the spinal 
cat where the spinal cord is the only surviving por- 
tion of the nervous system. Using a small flexor 
muscle of the hind leg and stimulating a pain nerv'c 
through a special electrode, we have established a 
base of small contractions near the threshold. 
Upon giving small doses of strychnine intrave- 
nously, the reflex reaction is increased as shown by 
a greater height of the record on the drum. If now 
a solution of morphine sulphate is injected intra- 
venously the reflex is diminished and the 
contraction height lowered. By using sufficiently 
sm.all doses of these drugs, this reaction may be 


repeated many times on the same animal, indicat- 
ing a strict antagonism between the two drugs 
under the conditions of our experiment. This 
suggests that the supposed antagonism between 
morphine and strychnine is a therapeutic one and 
not basic, and that its site is not the cord but some 
higher portion of the nervous system. 

Phthalylsulfathiazole, a new bacteriostatic 
agent. Edgab J. Poth and Charles A. Ross 
(introduced by C. D. Leake). Laby. of Experi- 
mental Surgery, Univ. of Texas Medical School, 
Galveston. An extension of the studies on acylated 
sulfonamides as intestinal antiseptics, which pro- 
duced the compound succinylsulfathiazole, has 
uncovered another effective derivative of this 
series of drugs, phthalylsulfathiazole. This com- 
pound, like succinylsulfathiazole, is sparingly 
absorbed from the gastrointestinal tract, main- 
tains low concentrations in the blood, and is rapidly 
excreted in the urine. Phthalylsulfathiazole has 
2 to 4 times the bacteriostatic activity of succinyl- 
sulfathiazole in the bowel, but does not appear to 
alter so greatly the consistency of stools. Micro- 
organisms in the stools are usually greatly de- 
creased in 24 hours by phthalylsulfathiazole, and 
conforms are ordinarily reduced to less than 1000 
per gram of wet feces within three days. 

The oral administration of phthalylsulfathiazole 
at 4 hour intervals has not caused any toxic symp- 
toms in dog or man. On clinical trial, it seems to 
be effective in the presence of a persistent watery 
diarrhea. It has about twice the bacteriostatic 
activity in humans as in dogs. 

The concentration of suifathiazolc in the blood 
of a dog receiving 0.5 gram of phthalylsulfathiazole 
per kilo of body weight daily varies from 0.5 to 2,5 
mgm. per cent free, and from 0.5 to 3.5 mgm. per 
cent total, while for man on an adequate thera- 
peutic dose of 0.125 gram per kilo of body weight 
the concentration varies from 0.10 to 1.0 mgm. per 
cent free and 0.3 to 2,0 mgm. per cent total. 

Further studies on the effect of sodium bisul- 
phite upon the toxicity of drugs. R. K. Richards 
(introduced by E. M. K. Geiling). Abbott Lab- 
oratories, North Chicago, III. In a previous com- 
munication (Federation Proc. 1: no. 1, 71, 1942) 
wc reported a remarkable increase of the toxicity 
of epinephrine by the addition of as little as 0.1 
to 0.2 per cent NaHSOs. This was observed in rats 
and other species by i.m. and subcu. injection. 
The following represents studies regarding the 
influence of NaHSOj upon the toxicity of a few 
other drugs. 

Methylaminoetlmnolphenol (Neo Synephrin) 
was found to have an L.D. 50 of approximately 40 
mgm./kgra. i.m. in rats, .\ddition of 0.2 per cent 
NaHSO> decreased the L.D, 50 to 22 mgm./kgm. 
The toxicity of cphedrinc remained uninfluenced 
by NaHSOj. The convulsive dose of ijrocaino 
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i.m. in rats was lowered from approximately 1000 
to 175 mgm./kgm. and the L.D. 50 from 1600 to 
400 mgm./kgm. by the presence of 0.1 per cent 
NaHSOs. Other acid buffers, as sodium acid 
phosphate, or reducing agents, as sodium hypo- 
phosphite, failed to act like NaHSOa. The in- 
crease in toxicity with procaine could not be 
observed with certainty in rabbits or dogs. 

These results are interpreted as an indication 
that an increase of toxicity by the presence of 
NaHSOs occurs only with such drugs which are 
rapidly detoxified in the body. The presence of 
NaHSOs appears to greatly enhance the speed of 
absorption, probably by a local action upon the 
capillaries. It is at least possible that this repre- 
sents to a certain degree a specific effect, since other 
compounds with similar physical — chemical prop- 
erties do not produce corresponding increases in 
toxicity. 

Experimental studies on the nourishment of the 
left ventricle by the lumenal (Thebesial) vessels. 
Joseph T. Roberts (introduced by C. D. Leake). 
Depts. of Anatomy and Medicine, Univ. of Texas 
Medical School, Galveston. In six experiments on 
dog hearts beating in situ, Chicago Blue dye (2 per 
cent) was injected with pressures of 120 mm. of 
mercury into the left ventricle through a cannula 
in the left atrium. This was done immediately 
after having ligated simultaneously both main 

ronary arteries, the aorta, pulmonary artery 

d veins, and venae cavae. In each experiment 

le dye appeared immediately in the peripheral 
ends of the coronary arteries and veins, usually 
first near the apex of the left ventricle. The dye 
flowed toward the base of the heart in filling the 
coronary arteries and veins. 

In a dead heart both main coronary arteries were 
ligated and dye was injected with a pressure of 35 
mm. of mercurj' into the left ventricular cavity by 
way of a cannula introduced through the aorta. 
At once dye appeared in numerous spots around the 
apical ends of the smaller coronary arteries and 
veins on the surface of the heart . F rom the smaller 
vessels the dye flowed into the larger ones. 

It is believed that the lumenal (Thebesian) ves- 
sels can conduct blood from the left ventricle into 
the m 3 'ocardium under circumstances where the 
pressure in the chamber is greater than tliat in the 
coronary vessels. 

Nourishment of the myocardium by way of the 
coronary veins. Joseph T. Roberts, R. S. 
Browne and Gertrude Roberts (introduced by 
C. D. Leake). Depts. of Anatomy and Medicine, 
Univ. of Texas Medical School, Galveston. In 14 
dogs with hearts in situ, additional arterial blood 
was brought to the mj-ocardium by a glass cannula 
connecting the coronarj’ sinus with the brachio- 
cephalic, subclavian, or innominate artery. The 
coronary veins became distended, pulsatile, and 


arterial in color. After reversal of flow in the 
coronary veins, the anterior descending coronar 3 ^ 
artery was ligated in two experiments, the anterior 
descendingandleftcircumflexarteriesinonee.vperi- 
ment, the anterior descending and right coronary 
arteries in one, and the right coronary artery in one. 
The hearts continued to beat regularly and force- 
fully for periods ranging from 10 minutes to 26 
hours. 

In 10 dogs with normal rhythm or immediately 
after stoppage of the heart or ventricular fibrilla- 
tion, Chicago Blue dye (2 per cent) was injected 
into the coronary sinus with pressure of 100 mm of 
mercury. Sections of the myocardium revealed a 
complete injection of the capillaries. 

The small valve, sometimes found at the left end 
of the coronary sinus, was present and capable of 
preventing reversal of flow in one other heart. 

These preliminary experiments suggest that an 
ischemic myocardium may be revascularized by 
anastamosis of a large artery with the coronary 
sinus and coronary veins. 

Effects of devascularizing the sciatic nerve. 
Joseph T. Roberts, Walter H. Jarvis and Jul- 
ian Kev (introduced by C. D. Leake). Depts. of 
Anatomy and Medicine, Univ. of Texas Medical 
School, Galveston. The concept that peripheral 
neuropathy (neuritis) may be due to ischemia of 
peripheral nerves was tested experimentally in 23 
dogs by various procedures : ligating the nutrient 
arteries of the sciatic nerve, gently stripping away 
its perineurium and its blood vessels, crushing or 
stretching the nerve, placing bands around the 
nerve, compressing the limb with a tourniquet, or 
producing arterial embolism with air or lycopo- 
dium spores. After injection of 2 per cent Chicago 
Blue into the aorta the nerves were examined 
grossly, microscopically and after clearing. The 
ischemic segment showed little or no injection. 
The normal contralateral nerve had a rich plexus 
of arterioles, venules and capillaries in the peri- 
neurium, anastomosing longitudinally; inside the 
nerve a rich anastomosis of capillaries was found. 

In 26 dogs chronic ischemia was produced by per- 
forming surgically the same procedures as above, 
except tliat graphite was used to produce embolism. 
Gradual compression was produced in 6 growing 
kittens by growth with a restricting band on the 
nerve. During survival of from 5 days to 4 months 
the observed effects included : p.aralysis, loss of 
tone and atrophy of the muscles, altered reflexes, 
impaired sensation, trophic ulcers and degenem- 
tion of nerve fibers (especially the large myelinate 
fibers). In control operations where the nerve was 
exposed in the same manner but without injuo 
to the vasa nervorum, no abnormalities were o )- 
served • 

Drainage of myocardium by cardial lumenal 
(thebesian) vessels of the left ventricle. • o- 
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SEPH T. Robehts, Feed D. Spekcek, Je. and R. 
S. BEOTyKE (introduced by C. D. Leake). Dcpis. 
of Anatomy and Medicine, Univ. of Texas Medical 
School, Galveston. In 38 dogs with hearts beating 
in situ, Chicago Blue (2 per cent) u-as injected 
into the cannulated anterior descending coronary 
artery rvith pressure just below the systemic ar- 
terial blood pressure, “Liquaemin” (Roche- 
Organon, Inc.) prevented coagulation. Dye ap- 
peared in the aortic blood immediately or within 3 
to 10 seconds. Possibility of the dye reaching the 
aorta through other routes than the lumenal (The- 
besian) vessels was excluded by the following 
methods: (1) ligating both main coronary arteries 
at the instant of injection; (2) a bottle -and-bag 
shunting device in the pulmonary artery, or ligat- 
ing the pulmonary vessels at the instant of 
injection; (3) absence of dye in the incised lung 
during the experiment; and/or (4) appearance of 
dye in aortic blood as tiny spurts instead of being 
mixed uniformly with the blood. The shunting 
device consisted of a cannula in the proximal in- 
cised pulmonary artery, leading to a collapsed 
rubber bag contained in a bottle which was filled 
with blood or Locke-Rosenheim solution ; the bottle 
■n-as connected to the distal pulmonary artery. 
Dye reaching the right ventricle was caught in the 
rubber bag. 

By way of the lumenal (Thebesian) vessels, 
blood can be drained from the myocardium into the 
cavity of the left ventricle in the heart beating in 
situ. This study did not demonstrate the phase 
or phases of the heart’s cycle during which such 
flow occurs. 

Distribution and retention of arsphenamines in 
relation to physical properties. F. B. Rodsian 
(by invitation) and H.^eold N. Weight. Univ. 
of Minnesota and Univ. of Alberta, Canada, Medi- 
cal School. The distribution to and retention in 
eleven tissues or organs has been determined for 
arsphenamine, neoarsphenamine, and the sepa- 
rated crystalloid and colloid fractions of both drugs 
for periods from 30 minutes to 14 days after intra- 
venous administration. Analyses at early time 
intervals accounted for all the administered drug. 

In the case of .arsphenamine 18 per cent of the 
administered drug remained in the blood half an 
hour after injection, but had disappeared after 
twenty-four hours ; the crystalloid fraction showed 
19 per cent in the blood after half an hour, and 0-S 
per cent at all other intervals to fourteen days; 
the colloid fraction was strongly retained by the 
blood, 32 per cent remaining after half an hour and 
25 per cent after fourteen days. In general, the 
crystalloid fraction was rapidly taken up by the 
tissues, but also rapidly excreted. The colloid 
fraction showed prolonged retention, 35 per cent 
still remaining after fourteen days. The whole 


drug tended to follow the pattern of the colloid 
fraction. 

Neoarsphenamine behaved in an essentially 
similar manner, except that the colloid fraction 
was even more persistently retained. Blood con- 
centrations were, whole drug 23 per cent after half 
an hour, disappearing at six hours or longer ; crys- 
talloid fraction 28 per cent after half an hour, 5.5 
per cent after fourteen days; colloid fraction 33 
per cent after half an hour, 20 per cent after four- 
teen days. Total retention of neoarsphenamine 
was 92 per cent after half an hour, 45 per cent after 
six hours, 22 per cent after twenty -four hours, and 
8 per cent after fourteen days for the crystalloid 
fraction; the corresponding figures being 99 per 
cent, 72 per cent', 59 per cent, and 50 per cent for 
the colloid fraction, and 94 per cent, 65 per cent, 
15 per cent and 3 per cent for the whole drug. 

The acute toxicity of 4:4'-diamidino diphenoxy 
pentane and 4:4'-diamidino stilbene. L. D. 
Seagee, J. N. Etteedobp (by invitation), N. P. 
Geenfell (by invitation), R. I. Hewitt (by invi- 
tation) and A. P. Richaedson. Depts. of Pharma- 
cology and Preventive Medicine, Univ. of Tennessee 
Medical School, Memphis, Tenn. The acute 
toxicity of 4:4'-diamidino diphenoxy pentane (I) 
and 4:4'-diamidino stilbene (II) has been studied 
in dogs, cats, rabbits, and mice. In mice the in- 
travenous LDso of (I) was 12.1 ± 1.1 mgm. per 
kilogram and (II) was 13.5 ± 0.8 mgm. per kilo- 
gram. The LDso of these drugs by oral .administra- 
tion was for (I) 486 ± 9.3 mgm. per kilogram for 
(II) it was 382 d: 21.0 mgm. per kilogram. 

The intravenous injection of these drugs in a 
dose of one mgm. per kilogram produced the fol- 
lowing circulatory changes. There was a precipi- 
tous fall in blood pressure of approximately 50 mm. 
of mercury. The blood pressure returned to 
normal in from three to four minutes. The fall in 
pressure was associated with an increase in leg 
volume, a decrease in cardiac volume, and a slight 
increase in pulse rate. Similar effects were pro- 
duced in atropinized and spinal animals. Perfu- 
sion of the kidney with intact nerve supply was 
carried out according to the method of Sollmann 
and Pilcher. The systemic administration of (I) 
had no effect on blood flow through the isolated 
kidney, however, perfusion of (I) in a concentra- 
tion of 1:1,000,000 produced a marked increase in 
rate of flow through the isolated kidne}-. It is 
concluded that (I) and (II) produce circulatory 
collapse, by direct depression of the peripheral 
vascular system. 

The exposure of (II) to ultra violet light results 
in a substance which has a decreased fluorescence 
and a marked increase in toxicity. [The work 
described in this paper teas done vndcr a contract, 
recommended by the Committee on Medical lie- 
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search, between the Office of Scientific Research 
and Develo-pment and the University of Tennessee.] 
Influence of post-pituitary extract on the poly- 
uric response of white rats exposed to low baro- 
metric pressure. Herbert Silvette. Dept, of 
Pharmacology, Univ. of Virginia, Charlottesville. 
It has been demonstrated that rats exposed to a 
pressure of 428 mm. Hg (16,000 ft. altitude equiva- 
lent) in a low-pressure chamber for 3 hours in- 
variably develop polyuria (Proc. Soc. Exper. 
Biol, and Med. 51: 199, 1942). This has now been 
shown to hold true regardless of the preliminary 
water-load of the animals, from 0 to 10 per cent 
body weight of injected fluid. 

Experiments have been made to determine the 
effect of the injection of post -pituitary extract on 
the polyuria of high altitudes. In fully-fed ani- 
mals injected with 5 cc. 0.2 per cent NaCl solution, 
the 3-hour urine excretion at room pressure aver- 
aged 2.1 cc. Animals similarly injected but ex- 
posed for 3 hours to 428 mm. Hg pressure excreted 
on an average 5.0 cc. urine. Other animals, simi- 
lai'ly treated but with the addition of post-pitui- 
tary extract and then exposed to low pressure, 
averaged only 1.9 cc. urine, thus indicating that 
the polyuria of high altitudes was inhibited by the 
antidiuretic hormone. 

Other animals were treated as follows with 
weekly rest periods between experiments; Pre- 
inary fasting period 12 hours with water allowed 
lib. Animals injected with 10 cc. per 100 grams 
.2 per cent NaCl solution with or without post- 
pituitary extract, and 3 hours later exposed either 
to room pressure or to 428 mm. Hg pressure during 
a metabolic period of 3 hours. Results may be 
tabulated as follows : 


No. ! 
rats 1 

Post-pituitary 
extract | 

3-hour urine 
output at 0 feet 

3-hour urine 
output at 15,000 
feet 

i 

unils/lOQ gm. BIK 

cc,fl0Q gm. B\V 

cc/tOO gm. Bll' 

36 

0 

3.9 

5.0 

36 

1 

0.7 

1.7 


It will be noted that the injection of the extract 
reversed the high-altitude polyuria, and further 
that the water retention brought about by equal 
doses of post-pituitary extract, either at 0 or 15,000 
feet, was almost exactly the same, i.e., 3.2 cc. at 
room pressure and 3.3 cc. at 428 mm. Hg. [Thts 
investigation had been made with the assistance of a 
grant from the Committee on Therapeutic Research, 
Cortncil on Pharmacy and Chemistry, American 
Medical Association.] 

Blood levels of sulfonamide after intraperito- 
neal injection of a 50 per cent suspension of sulf- 
anilamide in propylene glycol. F. W. Singer 
( bv invitation), C. J. Smyth (bj' invitation) and 
F.F.YonkmaN. William J. Seymour Hospital and 


Dept, of Pharmacology, Wayne Univ., Detroit. A 
syrupy suspension of 60 per cent sulfanilamide in 
propylene glycol was injected intraperitoneally in 
varying amounts in flve patients. Discomfort 
varying from a very slight to a moderately severe 
degree followed injection for three to ten minutes. 
This was almost entirely rectified' by addition of 
10 per cent benzyl alcohol, the patient describing 
his sensation as “heaviness”, a “mild cramp” or 
“slight bellyache” for a matter of seconds. Blood 
levels of sulfanilamide in mgm. per cent, deter- 
mined at regular intervals after varying doses of 
the suspension had been injected were as follows : 
After 20 cc. (10 grams sulfanilamide) in 3 patients, 

1 hr. 13 to 25, 3 hr. 11 to 33, 6 hr. 16 to 26, 12 hr. 
12 to 23, 24 hr. 8 to 14; after 15 cc. (7.5 grams sulfa- 
nilamide) in 2 patients, 1 hr. 4 to 5, 3 hr. 5 to 7, 

6 hr. 5 to 5 , 12 hr. 2 to 4, 24 hr. 2 to 7. 

These results suggest that a dose of 15 cc. of the 
suspension (7.5 grams of sulfanilamide) seems to 
be a desirable quantity to employ for concentrated 
bacteriostatic medication of the peritoneal cavity 
since blood levels indicate that the sulfanilamide 
is maintained in the blood stream at safe levels 
and does not become elevated as may be the case 
after higher dosage. 

An advantage of this preparation attends the 
fact that it is self-sterilizing (Fed. Proc. 1: Part 
II, 172, 1942) and can be readily injected at regular 
intervals either postoperatively, if indicated, or 
in non -surgical treatment of peritonitis. 

The biological interference of thiopantothenic 
acid and pantothenic acid. E. E. Snell, L. Chan, 

S. SpiRODANOFF and E. L. Way (by invitation) 
and C. D. Leake. Chemical Labs, of the Univ. 
of Texas, Austin, and Pharmacology Laboratory 
of the Univ. of California Medical Center, San 
Francisco. It is now clear that compounds with 
close chemical configuration may compete with 
each other in reactions 'With cell constituents, thus 
altering cellular function in varying ways. Initial 
English observations on interference of sulphon- 
amides with p-amino benzoic acid have been ex- 
tended by reports like Mcll wain’s (Brit. J. Exper. 
Path. 21: 136, 1940), which shows tliat pyridine- 
sulfonic acid interferes with nicotinic acid 
metabolism in micro-organisms, and Snell’s (<1. 
Biol. Chem. 141: 121, 1941), which notes that the 
sulfonic acid, N-(a, X -dihydroxy -fl,fl-dimctliylbu- 
tyryl) taurine, or thiopantothenic acid, is .struc- 
turally so similar to pantothenic acid that it 
interferes with the metabolism of the latter in 
micro-organisms. 

We find thiopantothenic acid to be rclativclj in- 
active on single oral or intraperitoncal administra- 
tion to small animals. No effects arc noted frotn 
single doses as high as 2 grams per kilo in mice am 
rats. However, on long continued daily oral lu - 
ministration of thiopantothenic acid in mice at a 
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dose level of 200 mgm. per kilo, evidence of panto- 
thenic acid deficiency appears . Within a month of 
such daily administration, on an otherwise ade- 
quate diet, growth in standard strains of laboratory 
mice becomes stationary, the hair becomes rough- 
ened, and porphyrin deposits show on the whiskers. 
Cliaracteristic behavior sjTnptoms develop, similar 
to those observed in direct pantothenic acid defi- 
ciency. 

The production of hyposthenuria in dogs by 
desoxycorlicosterone acetate. Clifford Spin- 
GARK (by invitation), Michael G. Mulinos and 
Esther Maculla (by invitation). Dept, of Phar- 
macology, College of Physicians and Surgeons, 
Colitmbia Univ., New York City. Small daily 
doses of desoxycorticosterone acetate (DCA) 
injected into normal dogs induce polydipsia and 
polyuria which are roughly proportional to the 
amount of NaCl allowed in the diet. Pitressin 
reduces the severity of the syndrome and raises 
the specific gravity of the urine but does not restore 
the water exchange to pre DCA levels (Am. J. 
Physiol. 135: 102, 1941). Furthermore, water 
deprivation fails to raise the specific gravity of the 
urine to normal levels. 

The following experiments were performed on 
dogs before and during DCA injections, to deter- 
mine any changes on fluid balance and urine specific 
gravity: a. Water and food deprivation for 48 
hours, b. Partial water deprivation for several 
days sufficient to cause intense tliirst. c. Daily 
injections of pitressin tannate in oil for periods of 
8 to 13 days. 

Results, Normal dogs treated with DCA in- 
creased their daily water intake from 174 to 1936 
cc. ; their urine output from 188 to 1869 cc. with a 
fall in specific gravity from 1.045 to 1.0054. 

Under test a, the urine output was 125 cc. with a 
specific gravity of 1.054 for 48 hours before DCA 
and 350 cc. specific gravity 1.024 under DCA. 

Under test b, the dogs were allowed 125 cc. of 
water per day and putout 140 cc. of urine of specific 
gravity 1.055; while under DCA they were allowed 
267 cc. daily and put out 340 cc. of urine of specific 
gravity 1.027. 

Under test c, the dogs drank 131 cc., put out 165 
cc. of urine of specific gravitj' 1.054 while under 
DCA they drank 1147 cc,, put out 1084 cc. of urine 
of specific gravity 1.0106. 

From these results it is concluded tliat DCA 
affects the concentrating power of the kidney 
adversely. The hyposthenuria produced by DCA 
accounts in part for the poljuria and polydipsia 
induced by this drug. 

The acute toxicity of vapors of benzene, tollac, 
velsicol no. 2 and toluene. J. L. Svirbelv (in- 
troduced by W. F. von Oettingen). Division of 
Industrial Hygiene, National Inst, of Health, 
Belhcsda, Md. About 650 white mice in groups of 


16 or more were exposed for 7-hour periods to vapors 
of benzene, tollac, velsicol, toluene, and a mixture 
containing 60 per cent benzene plus 40 per cent 
toluene by weight. Values for concentrations 
were calculated in milligrams per liter by dividing 
the weight of the solvent vaporized by the amount 
of air used. These values were in close agreement 
with the vapor concentration in the e.xposure cham- 
ber as measured by the Rayleigb-Jeans Inter- 
ference Refractometer. 

Within 8§ hours from the beginning of exposure 
the concentrations in milligrams per liter killing 
50 per cent of the animals were: benzene 33.1; 
tollac 27.0; velsicol 26.9; benzene -toluene mixture 
24.60 and toluene 19.90. The approximate equiva- 
lents in parts per million of these solvents in the 
same order are: 10,400 ; 7,980 ; 7,580 ; 7,200 and 
5,300. 

Tollac and velsicol no. 2 are solvents consisting 
of a mixture of benzene and toluene with a small 
percentage of other hydrocarbons. 

Effect of cocaine on the esterification of phenol. 
Clara Tord.a (introduced by McKeen Cattell). 
Dept, of Pharmacology, Cornell Univ. Medical 
College, Nets York City. Richter’s theory regard- 
ing the inactivation of epinephrine by esterifica- 
tion of the phenol ring suggested the desirability 
of investigating the effect of cocaine on the esterifi- 
cation of phenol. 

Phenol is conjugated in the body by phenol sulfur 
esterase. In vitro experiments with phenol sulfur 
esterase extracted from cat muscle showed that 
cocaine decreases the activity of this enzyme by 
about 50 per cent. 

In vivo experiments confirm this result. Two 
groups of experiments were performed : In the first 
series phenol (5 mgm. per kgm.), with or without 
cocaine (15 mgm. per kgm.), vas injected subcu- 
taneously in fasting cats and the phenol excretion 
in 24 hour samples of urine determined. Cats 
injected with cocaine eliminated free phenol to 
the same extent as those without cocaine, but 
phenol in conjugated form was no longer elim- 
inated, indicating that cocaine depressed the 
esterification of phenol. In the second series of 
experiments cats were injected continuously with 
small amounts of phenol (rate of 1.6 mgm. per 
kgm. in 30 min.) with or without cocaine (rate of 
0.6 mgm. per kgm. in 30 min.). The phenol con- 
tent of urine, collected from the ureters over 30 
minute periods, was determined. Cocaine ev'en 
in small doses (less than 0.6 mgm. per kgm.) in- 
hibited the esterification of phenol. 

The above results lend support to the theory of 
Richter that the body disposes of epinephrine, at 
least partially by esterification of the phenol ring. 

Inhibition of the cardio-inhifaitory action of 
acetylcholine by digitalis. J. A. Wells (by invi- 
tation), Carl A. Dragstedt, J. E. R.all (by invi- 
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tation) and D. A. Ruge (by invitation). Dept, 
of Pharmacology, Northwestern Univ. Medical 
School, Chicago. Numerous investigations have 
been performed in attempts to explain the cardiac 
slowing induced by digitalis. It is suggested that 
this slowing has both “vagal” and “non-vagal” 
components. The vagal component is variously 
ascribed to (1) direct stimulation of the vagus 
center, (2) reflex vagus action consequent to the 
cardiac action, (3) sensitization of the heart to the 
vagus mechanism. This latter concept implies 
that the sensitivity of the heart to acetylcholine is 
increased by digitalis. On the contrary, we have 
observed in anesthetized dogs that small doses of 
digitalis (approximately 10 per cent of the fatal 
dose) promptly prevent the response of the heart 
to a previously effective cardio-inhibitory dose of 
acetylcholine bromide (ca. 0.02-0.06 mgm. per 
kilo). In certain experiments subsequent injec- 
tion of larger doses of acetylcholine now produced 
cardiac inhibition, but in other experiments even 
10 times the initial dose produced no slowing. The 
vasodilator action of acetylcholine was not 
abolished 

These findings are inconsistent with the hy- 
pothesis of an increased sensitivity of the heart 
to the vagus mechanism, and difficult to reconcile 
with the idea that any of the cardiac slowing is 
mediated by way of the vagus 

Further studies have shown that this phenom- 

on does not occur when strophanthin is given in 

ses up to 50 per cent of the lethal dose. 

Whatever the ultimate explanation of these find- 
ings may be, they indicate that there is a qualita- 
tive difference in the cardiac effect of different 
cardiac glycosides. 

Pharmacodynamics of the urine of patients with 
migraine. Harold G. Wolff and Clara Torda 
(by invitation). Dept, of Medicine and Psychi- 
atry, Cornell Univ. Medical College, New York 
City. Under suitable laboratory circumstances, 
the urine of healthy adult humans contracts the 
rectus abdominis muscle of the frog. Urine col- 
lected during the prodromic period (setotoma) of a 
migraine attack contracts the rectus abdominis 
muscle less than samples collected during attack- 
free periods, and urine collected during the head- 
aciie contracts the muscle more (about 200 per 
cent). The seventeen ketosteroid content of the 
urine parallels this contraction producing effect as 
demonstrated by chemical determinations and 
biological e.xperiments. The gonadotropic hor- 
mone of hypophysis may contribute to this effect 
by itself or through an increased liberation of the 
sex hormones. This increased ability of the urine 
collected during migraine headache attack to pro- 
duce muscle contraction is probably not due to 
potassium, acetylcholine, histamine, pitocin (anti- 
diuretic hormone of posterior part of hypiophysis. 


Parke-Davis), or is it related to the specific gravity 
of the urine. From the above observations and 
from the fact that the .above hormones potentiate 
the effect of certain vasodilator substances, such 
as acetylcholine, it is conceivable that these hor- 
mones participate in the production of the migraine 
headache attack by potentiation of the effect of a 
local neurohumoral vasodilator agent. 

Effects of posterior pituitary extract, oxytocin 
(pitocin) and ergonovine hydracrylate (ergo- 
trate) on intra-uterine, arterial, venous and 
maternal effective placental arterial (MEPAP) 
pressures in pregnant humans. R. A. ’ Wood- 
bury, B. E. Abreu, W. F. Hamilton, and (by 
invitation) R. Torpin and P. H. Fried. Depts. 
of Physiology and Pharmacology and Obstetrics 
and Gynecology, Univ. of Georgia School of Medi- 
cine, Augusta. Pressures were determined by 
techniques previously described (Am. J. Physiol. 
121: 640, 1938; 128: 238, 1940). 

Prior to the onset of true labor, each 5-10 min- 
utes the uterus contracts slowly to develop a pres- 
sure averaging 18 mm. Hg and relaxes to a resting 
tone of 5 mm. Hg. Ergotrate 0.1 mgm. or posterior 
pituitary preparations 0.7 unit, employed to induce 
labor, increased uterine frequency 80 per cent, 
rate of upstroke 100 per cent, pressure at height of 
contraction to 50 mm. Hg and tone to 15 mm. Hg. 
Repeated administrations sometimes produced 
incomplete tetany with maximal pressure during 
contractions of 60 mm. Hg and tone of SO mm. Hg. 

During the first stage of labor, ergotrate 0.1 
mgm. or posterior pituitary preparations 2 units 
sometimes produced incomplete tetany and in- 
creased uterine frequency 75 per cent, tone from 
12 to 40 mm. Hg and the maximal pressure at the 
height of contraction from 45 to 90 mm. Hg. The 
uterine pressure remained as high between contrac- 
tions as the maximum during contraction without 
oxytocics. 

Normal uterine contractions intermittently 
empty the extensive vascular area of a large vol- 
ume of blood by a pumping action and increase 
venous pressure 4 mm. Hg. Cardiac output is 
probably increased temporarily and this m.ay 
partly e.xplain the increased systemic arterial pres- 
sure and pulse pressure. Despite the elevated 
arterial pressure (12 mm. Hg elevation) the high 
uterine pressure tends to keep blood from reaching 
the placenta; the MEPAP is reduced. 

Abnormal contractions produced by oxytocics 
cause prolonged dangerous reductions in the size 
of the placental vascular reservoir and in the 
MEPAP. In one patient oxytocics reduced the 
MEPAP to -1-30/-20 mm. Hg indicating that 
blood flowed from the uterus back into the aorta 
during diastole. 

Pitocin lowers the MEPAP even further since 
it actually decreases the maternal arterial presaurc 
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and contains very little vasopressor principle. 
[This rcorh was aided by a grant from Eli Lilly and 
Company.] 

The effects of some new antispasmodics on the 
intestine of trained, unanesthetized dogs. F. 
F. Yoxkman, H. F. Chase (by invitation), A. J. 
Lehm.vx and R. Bauer (by invitation). Dept, of 
Pharmacology, Wayne Univ., Detroit. Several 
new antispasmodics of the morpholine type which 
were synthesized by the Parke Davis Research 
Division were administered intravenously and 
directly into stomata of the ileum or colon of eight 
trained, unanesthetized dogs. Changes in intesti- 
nal motility were recorded kj’raogiaphically as 
they were transmitted by the well-known closed 
system of balloon-manometric registration. For 
purpose of comparison Trasentin was chosen as a 
standard and this drug was administered by the 
same routes used for the new synthetic unknowns. 

Intravenous administration of the five S-com- 
pounds studied in this series usuall}' caused nausea 


and frequently resulted in vomiting but in the 
experiments in which the unknowns were inserted 
into the intestine, S-29 (u-(4 morpholine) -hexyl 
diphenylacetate HCl), was the most outstanding. 
It produced better and more consistent relaxation 
than the others. It was slightly less enduring 
than Trasentin in its action, e.g,, 10 mgm./kgm. 
of S-29 inserted into the intestine in a 1 per cent 
solution produced relaxation for approximately 
one to two hours, whereas relaxation produced by 
similar doses of Trasentin endured usually for one 
and one-half or two hours or more. Peristalsis 
was lessened and segmental movements were di- 
minished in frequency and amplitude by both S-29 
and Trasentin. 

Since our M.L.D.so dose of S-29 after intraperi- 
toneal injection into white mice (475 mgm. per 
kgm.) is more favorable than our figure for Tra- 
sentin (200 mgm. per kgm.) clinical trial is antici- 
pated using Trasentin as a standard. 
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Hematic and organic reactions in standardized 
and graded histamine shock in dogs. W. C. 
Hueper and C, T. Ichniowski (by invitation). 
Warner Institute for Therapeutic Research, Eew 
York City. Dogs were injected subcutaneously 
with single doses of 5. mgm 10 mgm., 15 mgm., and 
20 mgm. of histamine dihydrochloride suspended 
in an oily vehicle (cottonseed oil 3 parts, “Falba” 
1 part). The blood pressure ■was gradually low- 
ered to a level of 20-40 mm. of mercury for several 
hours. The duration of the depression of the 
blood pressure, shortness of survival period and 
the mortality rate increased with the dose of his- 
tamine dihydrochloride given. Dogs dying during 
the first 7 hours showed .a dilated heart and evi- 
dence of a cardiac death; those dying later had a 
contracted left heart and showed signs of a circu- 
iatory failure by increased capillary permeability. 
Appreciable hemoconcentration was not a char- 
acteristic hematic manifestation. Decrease of 
erythrocytes was noted not infrequently, parti- 
cularly 24 hours after the histamine administra- 
tion. The pbsma viscosity decreased only mildly 
to moderately during shock, while the colloidal 
osmotic pressure of the serum determined at hourly 
interrals increased considerably. Gastric ulcers 


were present in an appreciable number of dogs 
within 7 hours after the injection. 

Methods for the production of a standardized 
and graded secondary shock in animals are essential 
for a study of the dynamics of shock and for the 
testing of therapeutic agents used in the man- 
agement of this condition, 

“Exploded” red blood cells in miliary lesions 
of the bone marrow. Raphaeu Is.aacs. Michael 
Reese Hospital, Chicago. In making blood films 
of patients with miliary lesions of the bone marrow 
(neoplasms, tuberculosis, leukemia) an artifact of 
some of the red cells is produced. These cells 
liavc a round center, with projections from the 
peripherj' which takes the same stains as hemo- 
globin. The cells are tougher than normal, and 
instead of responding to the pressure when the film 
is made, the surface ruptures in a number of places 
and hemoglobin containing material exudes. This 
giv'cs the appearance of an intact ceil, with numer- 
ous projections of different shapes, lighter in color. 
The artifact appears when there is a crowding 
lesion of the bone marrow in miliary form, not in 
discrete masses. 

On the mechanism of cellular injury in inflam- 
maiion. Vary Mexkix. Dept, of Pathology, 
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Harvard Univ. Medical School, Boston, Mass. 
An attempt has been undertaken to determine 
the factor responsible for the basic pattern of 
injury in the development of inflammation. It is 
true that the irritant induces initial cellular in- 
jury ; but the available data strongly supports the 
view that the subsequent course of events is pri- 
marily referable to the liberation of a euglobulin or 
at least of a factor associated with the euglobulin 
fraction of exudates. The salient findings may be 
briefly listed as follows: 1) An inflammatory exu- 
date injected into rabbits induces a severe edema- 
tous inflammation accompanied by lymphatic 
blockade; 2) either dialysis or fractionation of 
exudative material with ammonium sulfate at one 
third saturation yields in the euglobulin fraction a 
substance capable of inducing a marked, erythema- 
tous and frequently necrotizing inflammation; 3) 
The injection of this active protein fraction pro- 
motes lymphatic blockade ; 4) The effect cannot be 
duplicated with the euglobulin recovered from 
normal blood serum, but the euglobulin of the 
serum from an animal with a concomitant severe 
inflammation frequently displays injurious po- 
tency; 5) The effect cannot be reproduced by the 
pseudoglobulin or albumin fractions of exudate; 
6) The substance injected into the circulation in- 
duces a leukopenia in dogs ; 7) It fails to depress 
the blood pressure of a cat ; 8) It hastens the coagu- 
lation of blood in vitro (perhaps due to the presence 
of adhering thrombokinase) ; 9) The name “nec- 

I osin” has been assigned to this protein which is 
fcr se capable of reproducing the basic pattern of 
njury in inflammation. 

The effect of the leukocytosis-promoting factor 
on the growth of cells in the bone marrow. Vauy 
Menkin. Dept, of Pathology, Harvard Univ. 
Medical School, Boston, Massaclmsetts. The 
earlier studies of the writer have demonstrated 
the presence of a leukocytosis-promoting factor in 
inflammatory exudates. The factor has been 
shown to be apparently a pseudoglobulin . It offers 
a reasonable explanation for the mechanism of 
leukocytosis accompanying numerous inflammatory 
processes. It is absent in normal blood serum, but 
it can be recovered from the latter if there is a 
concomitant inflammation. The rise in the num- 
ber of circulating leukocytes consists primarily of 
immature granulocjdes. The evidences indicate 
tliat the leukocytosis-promoting factor penetrates 
into the blood stream from the site of inflammation 
and thus reaches the bone marrow, where it induces 
a discharge of leukocytes into the circulation. The 
present study demonstrates that this active pseu- 
doglobulin not only causes such a discharge of cells 
from the bone marrow, but that it also induces a 
pronounced hyperplasia of myeloid elements and 
of megakaryocytes in the hematopooitic tissue of 
the marrow. The effect cannot be reproduced by 


the pseudoglobulin extracted from normal serum. 
A similar hyperplastic response in the bone mar- 
row can be affected by injection of the whole exu- 
date or by inducing an acute inflammation in the 
pleural cavity of dogs. The leukocytosis-promot- 
ing factor,derived from either dog exudates or from 
human exudates injected into the circulation of 
dogs, induces marked hyperplasia of the bone mar- 
row. The clinical implications as well as the path- 
ological significance of these observations are 
obvious. 

Attempts to abrogate immunity to the Brown- 
Pearce carcinoma. Otto Saphib and Max Appel 
(by invitation). Department of Pathology, Mi- 
chael Reese Hospital. Rabbits w'ere immunized 
to the Brown-Pearce carcinoma by intracutaneous 
transplantation as described by Gross and Besred- 
ka, and others. The effect of trauma on the 
immunity established in this manner was investi- 
gated by subjecting the immune animals to trauma 
applied as follows : 

(1) Multiple needle-puncture wounds were 
made in liver and kidneys, and a suspension of 
tumor cells injected intravenously (6 rabbits). 

(2) Both bones of the left fore-leg were frac- 
tured and a suspension of tumor cells injected 
intravenously (12 rabbits). 

Three normal control rabbits were injected 
intravenously with the same suspension of tumor 
cells. All of the control animals developed tumor, 
proving that the tumor cells in suspension were 
viable, whereas, none of the immune animals sub- 
jected to trauma developed tumor. 

The effect of partial blockade of the reticulo- 
endothelial system w'as then studied. Twelve 
rabbits were immunized by intracutaneous injec- 
tion of the tumor. Nine of them were then given 
3 daily intravenous injections of 3 cc. of 0.1 per cent 
trypan blue in saline. Subsequently all 12 were 
injected intravenously wdth a saline suspension of 
tumor cells. Trypan blue w'as continued for an- 
other two weeks. The three which did not receive 
trypan blue prior to injection remained free of 
tumor. Of the 9 which did receive prior injection 
of the dye, seven developed tumors in kidneys, 
liver and lungs. A striking feature of the tumors 
developing in these previously immune animals 
W’as the marked necrosis. 

Observations on the kinetics of cellular cafhep- 
sin. II. From organs of normal rabbits and 
those infected with virulent and non-virulcnt 
tubercle bacilli. Chables Weiss and (by invita- 
tion) Nellie Hallidav. Research Laboratories 
of the Mount Zion Hospital, San Francisco, Calif. 
Since the investigations of Opjo and those of our 
own laboratories have emphasized the important 
role played by proteob’tic enzymes in inflamma- 
tory processes, we studied the behavior of the 
cellular proteinase, Cathepsin II, extmeted from 
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the organs of normal rabbits, those infected with 
non-virulent tubercle bacilli as well as from those 
thus treated and then reinfected with a virulent 
(Ravenel) strain of M. Ivbcrciilosis. 

The analytical procedures of Fruton and Berg- 
mann were employed in studying enzyme reaction 
kinetics, using the substrate benzoyl-l-argininc- 
amide (BAA). The speed with which normal 
rabbit tissue enzymes hydrolyze this substrate is, 
correlated with the bactericidal power (for virulent 
tubercle bacilli) of the organs from which they 
were extracted. Spleen > liver > kidney > lung 
is the order of activity. Reinfection via the blood 
stream with virulent tubercle bacilli, after im- 
munization with a non-virulent strain, causes an 


increased activity rate of Cathepsin II, particu- 
larly that from the kidneys and lungs. Repeated 
inoculation and sensitization with a non-virulent 
(Ri) strain causes a mild decrease in speed of 
hydrolysis of enzymes e.xtracted from spleen, liver 
and kidneys and a slight increase in those of the 
lungs. Hence, the mobilization and intensifica- 
tion of the activity of cellular cathepsin may be a 
phase of the altered biochemical characteristics of 
allergic and immune animals. Those organs (kid- 
neys and lungs) which presumably benefit most 
from immunization and reinfection processes show 
the development of a greater speed of proteolysis 
than those (liver and spleen) which already have a 
satisfactory degree of natural immunity. 
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The nutritive value of soybean proteins. 
Gladts J. Evebso.v, Habrt Steenbock, Helen 
T. Parsons and Dena Cederouist. Depts. of 
Biochemistry and Home Economics, College of 
Agriculture, Univ. of Wisconsin. Studies on the 
nutritive value of soybean proteins as carried out 
with rats revealed that the improvement effected 
by autoclaving was a common property irrespective 
of the cystine or sulfur content of different varie- 
ties. It was not the resultant of the destruction 
of toxic compounds nor apparently solely, if at all, 
to an improvement in digestibility. 

Five different protein fractions were prepared by 
extraction with NaCl followed by dialysis. All of 
these were improved in nutritive value by auto- 
claving at 17 pounds pressure for IS minutes. One 
of the globulin fractions prepared at low tem- 
peratures and then treated with dilute acid, dilute 
alkali, urea or hydrogen peroxide had the same 
nutritive value as the untreated fraction pre- 
pared at 28°C. 

Germination of soybeans produced an improve- 
ment which was almost equivalent to that pro- 
duced by the addition of cystine or by autoclaving. 
Green, immature soybeans were superior in nutri- 
tive value to ripe soybeans though inferior to either 
autoclaved. 

Nutrition and tolerance to afabrine. D. M. 
Hegstbd (by invitation), J. M. McKibbix (by 
invitation), and F. J. Stare. Division of Xulri- 
lion. Dept, of Biochemistry, Schools of Medicine 
and Public Health, Harvard Univ., Boston. This 


paper is a preliminary report of investigations- 
designed to study the role of nutrition in the ability 
of various experimental animals to tolerate the 
continued administration of the antimalarial drug 
atabrine. 

One hundred and thirty white rats weighing 30 
to 40 grams each were placed on a purified diet. 
The diet contained adequate but not excessive 
amounts of the vitamins. Atabrine dihydrochlor- 
ide was fed in levels varying from 1.0 to 65 mgm. 
per kilogram body weight per day. At levels of 
25 mgm. per kilogram or less and over a period of 
five months, no effects of afabrine were noted other 
than a mild yellowing of the skin. Growth Was 
the same as the controls, pathologic examinations 
were negative. At a level of 40 mgm./kgm. growth 
rates were approximately 15 per cent less and at 65 
mgm./kgm. they were 25 per cent less. At these 
levels of atabrine the skin and all body tissues 
except brain and nerve Were markedly pigmented. 
The hair coat presented an untidy appearance. 
Food consumption was approximately the same as 
the control animals on a body weight b.asis. In- 
creasing the water soluble vitamins five fold, or 
addition of yeast to the extent of 4 per cent, did not 
affect the growth retardation caused by continued 
high amounts of atabrine. 

This indicates tliat the hcaltliy young rat on an 
adequate diet is remarkably tolerant to amounts 
of atabrine which are large in comparison to tliat 
used in suppressive, prophylactic, or therapeutic 
therapy in man. 
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Complete parenteral nutrition. J. M. McKib- 
BiN (by invitation), D. M. Hegsted (by invita- 
tion) and F. J. Stare. Division of Nutrition, 
Dept, of Biochemistry, Schools of Medicine and 
Public Hffalih, Harvard Univ., Boston. Adult 
dogs recei\’ing onlj’' VTiter orally were infused with 
mixtures containing all the nutritional factors 
known to be required by dogs. Two types of 
mixtures were used. One contained a casein hydrol- 
ysate (“Amigen”) with glucose, calcium, mag- 
nesium, “trace” elements and water-soluble vita- 
mins. The other contained corn oil in emulsion 
with a stabilizer, glucose, sodium, potassium, 
chlorine, phosphorus, “haliver oil,” vitamin K, 
and choline. They were infused in amounts of 18 
and 40 ml. per kilogram of body weight per day, 
respectively. The total daily caloric intake was 
calculated to be about 40 calories per kilogram. 
No pjnngenic effects were observed in the use of 


these mixtures but occasionally there was nausea 
and vomiting. 

When the corn oil emulsion was stabilized with 
commercial soybean lecithin (3.5 per cent corn oil 
and 3.5 per cent lecithin) without choline, very 
severe liver damage vus observed after 12 to 18 
days with the development of jaundice and spleno- 
megaly. Lowering the concentration of lecithin 
to 0.7 per cent, with the corn oil at 6.3 per cent, 
and adding choline produced after 18 days the 
same character of liver damage but in considerably 
milder form. No jaundice or splenomegaly re- 
sulted. 

Infusion of a 7 per cent lecithin emulsion alone 
with the oral feeding of an adequate ration resulted 
in mild liver damage in 30 days and a greatly en- 
larged spleen accompanied by a continued fall in 
the hematocrit and marked posterior paralysis. 
Studies on the use of other emulsion stabilizers are 
in progress. 
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Studies of the site of antibody formation in 

bbits following intracutaneous injections of 
neumococcus or of streptococcus vaccine. Paul 
F. DE Gar.\ and D. Murrat Angevine. Dept, 
of Pathology, Cornell Univ. Medical College, New 
York City. Within 5 to 12 days following a 
single injection of the vaccines, high antibody 
titres were detected in extracts from the site of the 
injection into the skin, the spleen, bone marrow 
and liver. Antibodies were also found in draining 
lyunph nodes. During this period the serum titre 
was low or negative. When the interval was pro- 
longed, the titres of the blood and of the organs 
showed but slight differences. High titres were 
observed in the injected skin. Titrations after a 
still longer interval showed that the serum titre 
decreased more rapidly than the titre of the spleen, 
bone marrow and injected skin. 

Similar results were obtained following repeated 
injections of vaccines. Howev^er, antibodies usu- 
ally were not detected during the first period in the 
injected skin and were not found in the lymph 
nodes of these rabbits. 

The antibody' titre of the kidney, anterior wall 
of the stomach and non-injected parts of the skin 
was negative or low. 

The presence of antibodies at the site of the in- 


jection of the antigen and in the spleen, bone mar- 
row, liver and lymph nodes before they appeared 
in the blood and in other organs suggests that 
antibody formation takes place in those tissues. 

Liver and spleen that showed high titres fre- 
quently gave marked antigen-antibody reactions 
in vivo. The titres of kidney and anterior wall of 
the stomach were low or negative, and reactions 
in vivo were observed less frequently and were less 
marked than those in liver and spleen. 

Tissue reactions in internal organs of rabbits 
intracutaneously sensitized with streptococcus 
or with pneumococcus vaccine to injections of the 
homologous antigen. Paul F. be Gara and 
D. Murray Angevine. Dept, of Pathology, 
Cornell Univ. Medical College, New York Ctty. 
Homologous vaccine was injected after various 
intervals into abdominal organs of rabbits t 
been sensitized intracutaneously with ® 

pneumococci Type I or with formalin-kil e lemo 

ly'tic streptococci. _ . . 

Local reactions showing varying degrees o in 
flammation with or without necrosis ° serve 
in the liver and spleen of approximate y ^ per cen 
of the rabbits. Injections into the 'i ncy an 
anterior wall of the stomach usually cause 
rlragic lesions at the site of injection, requen J 
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accompanied by a slight to moderate inflammatory 
reaction; more severe necrotic reactions occurred 
in only 2 of 25 kidneys and in 2 of 10 stomachs. 

The reactions in the liver and spleen are prob- 
ably the result of the union witliin the tissues of 
antibody with its specific antigen. 

The antigen-antibody reactions observed in vivo 
are in agreement with our recent experimental 
work showing a high antibody titre of saline ex- 
tracts of the same organs, namely, liver and spleen. 

There was no correlation between the reactivity 
of the skin and the reactivity of the internal tissues 
to the vaccines of rabbits previously sensitized by 
intraoutaneous injections of the homologous an- 
tigen. 

A test for the action of drugs in vitro on the 
agent of lymphogranuloma venereum. Helen 
Jones (by invitation) and Geoffrey Rake. Di- 
vision of Microbiology, The Squibb Institute for 
Medical Research, New Brunswick, N. J. A strict 
in vitro technique tos desired in testing, against 
the agent of lymphogranuloma venereum, prophy- 
lactics possibly effective against all venereal dis- 
eases. Such a test might indicate clinical efficacy 
during the important period before invasion of 
tissues has occurred. Unless an attempt is made 
to remove drug from the inoculum, even where 
small amounts of drug are incubated with the 
agent, tests must be considered as in vivo. 

We use yolk-sac inoculation of chick embryos, a 
technique of great delicacy in detecting minimal 
amounts of active agent. Given quantities of drug 
are incubated at 37°C. with approximately 500,000 
infective units of the agent in broth for 1 or 3 hours. 
The drug-agent mixtures are then centrifuged 1 
hour at 16,000 r.p.m. at 0°C. The sediment is 
resuspended in broth to the same volume, and 
centrifugation and washing are repeated twice 
more. The final sediment is resuspended in twice 
the original volume and 1 ml. inoculated into the 
yolk-sacs of six day embryos. Such manipulation 
does not impair the infeotivity of the agent. Chem- 
ical analysis showed that 1.5 per cent or less of the 
original drug concentration remains in the inocu- 
lum. In most cases this amount n-as probably 
bound to the components of the sediment. Titra- 
tion of activity in vitro by such a method gives 
reproducible results and a sharp break on varying 
the dilution five-fold or less. One can distinguish 
drugs, such as the arscnicals, which are active in 
vitro, from those having little if any activity except 
in vivo. 

The production of brain antibodies in the mon- 
key. Lenorb M. Kopeloff (by invitation) and 
Nicholas Kopelofp. Dept, of Bacteriology, New 
York Slate Psychiatric Institute and Hospital, New 
York City. Previous attempts to produce brain 
antibodies in animal species other than the rabbit 
have proved unsuccessful. In our hands the 


favorable methods used for the rabbit have like- 
wise failed in the monkey. 

By adapting Freund’s use of adjuvants, monkeys 
were injected intramuscularly with mixtures con- 
taining: residues of alcoholic brain extracts; a 
conveyor (egg-white, horse serum, or pig serum) ; 
M. Utberculosis or phlei; Aquaphor; and paraffin 
oil. Three 3-week courses of 6-9 injections each 
W'erc administered to 7 monkeys, 4 of which sur- 
vived. 

Brain antibodies were demonstrable in serum 
dilutions ranging from 1:S0 to 1:640 by the usual 
complement-fixation technic. The efficiency of 
the method of immunization was evidenced by the 
degree of precipitin formation specific for the 
proteins used as conveyors, which was considerably 
greater than that produced by ordinary methods 
in the monkey. 

Positive complement-fixation reactions were 
obtained to the same degree with alcoholic e.xtracts 
of monkey brain, sheep brain, and rabbit brain. 
Antigens prepared from alcoholic extracts of mon- 
key liver, lung, spleen, heart, whole blood, plasma, 
and red blood cells gave negative reactions. Mon- 
key testicle and rabbit kidney yielded some evi- 
dence of cross-reaction. 

Five additional monkeys immunized similarly 
with extracts of sheep kidney or monkey red blood 
cells served as negative controls. 

By means of a special method of immunization 
it has been possible to demonstrate brain antibodies 
in an animal species other than the rabbit, namely,, 
the rhesus monkey. 

The production of chronic nephritis in the rat 
following the initial injection of anti-placenta. 
serum. II. Pathological findings. Emily Nich- 
ols Loeb and Beatrice Carrier Seegal (intro- 
duced by A. R. Dochez). Depts. of Medicine 
and Bacteriology, College of Physicians and 
Surgeons, Columbia Univ., New York City. 
The injection of rabbit anti -rat-placenta serum 
into rats has resulted in renal insufficiency in over 
half of 28 animals tested. Six were sacrificed 
because of approaching renal failure and in 4 others 
unilateral nephrectomy was performed. In all 10 
cases histological examination revealed marked 
nephritis in the excised kidneys as well as in those 
examined at autopsy. All were finely granular 
with narrowed cortex and pronounced tubular 
markings. Microscopically thickening of the base- 
ment membrane of Bomnan’s capsule and glomoru- 
l.ar d.amage varying from swelling of the tuft to 
crescent formation and complete obliteration were 
present. Casts were numerous and, in many 
areas, tubular dilatation and flaftoning of the 
epithelium with actual cyst formation occurred. 
In 3 animals which progressed rapidly and which 
were sacrificed 3^ to 5 months following injection 
the kidneys were greatly enlarged and odcmatou.s. 
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Microscopically the most extensive damage was 
present. With the exception of possible vascular 
lesions, which await further study, the autopsy 
findings revealed no lesions outside of the kidney. 

The control animals received rabbit anti-rat- 
kidney serum, rabbit anti-rat-serum serum and 
normal rabbit serum. Eight of 13 animals receiv- 
ing rabbit anti -rat-kidney serum developed chronic 
mephritis indistinguishable histologically from that 
•occurring in animals receiving anti-placenta serum. 
iSiace the prerequisite albuminuria has failed to 
■develop in the other controls, these animals remain 
Xinder observation. 

The injection of rabbit anti-rat-placenta serum 
into rats initiates chronic nephritis which pro- 
gresses, without subsequent injection, to renal in- 
sufficiency. This nephritis is indistinguishable 
from that following the injection of specific anti- 
kidney serum. 

Induced penicillin resistance in a pneumococcus 
type III culture. C. M. McKee and C. L. Houck 
(by invitation). Division of Microbiology, The 
Squibb Institute for Medical Research, New Bruns- 
wick, N. J. A type III pneumococcus culture of 
high mouse virulence was subjected to serial pas- 
sage in broth containing the greatest amount of 
penicillin just permitting growth. After 26 pas- 
sages the culture grew in ten-fold the originally 
inhibiting concentration, and after 55 passages in 
thirty-fold concentration. The resistant culture 
grew more slowly and colonies on blood agar were 
smaller and less mucoid. The capsule was reduced 
in size and there was a slightly^ greater tendency to 
V in and clump formation with the occurrence of 

normal forms. Type specificity, as determined 
the Quellung method, and bile solubility were 
retained. Sugar fermentation reactions occurred 
more slowly, but were otherwise unchanged. A 
great change in mouse virulence occurred. Be- 
fore passage, approximately 10 organisms consti- 
tuted a lethal dose. After 55 passages, constant 
death of mice could be achieved only with undi- 
luted culture or approximately 900 million or- 
ganisms. Virulence could not be restored even 
after 9 further mouse passages. Neither mouse 
passage nor rapid serial transfer in blood broth 
decreased this acquired resistance to penicillin 
in vitro. Three staphylococcus, a streptococcus 
pyogenes, and type I and III pneumococcus cul- 
tures subjected to the same procedure developed 
resistance in the order named. In every case in- 
crease in resistance was associated with propor- 
tional loss of virulence. This is in striking con- 
trast to the retention of virulence by sulfonamide 
resistant cultures. 

Quantitative serum-virus relationship in neu- 
tralization tests with western equine encephalo- 
myelitis virus. Isabel M. AIorgan (introduced 
by Peter K. Olitsky). The Rockefeller Instilute 


for Medical Research, New York City. Antisera 
from rabbits vaccinated with repeated doses of 
active or formalin-inactivated chick-embryo West- 
ern virus were tested by intraperitoneal neutraliza- 
tion tests in young mice, using dilutions of 
antiserum and dilutions of active mouse-brain 
virus incubated 2 hours at 37 °C . When the results 
were plotted on a log-log scale, with amount of 
virus neutralized on the ordinate and serum- 
dilutions on the abscissa, parallel straight lines 
were obtained with a slope greater than one. The 
serum-virus relationship was similar to that found 
for influenza virus (Horsfall, F. L., J. Exper. Med., 
1939, 70: 209). 

For intracerebral neutralization tests, however, 
rabbit antiserum-virus relationship was not linear; 
with increasing amounts of antiserum the curves 
at first rose steeply then flattened out. Thus for 
any given antiserum there was little or no differ- 
ence between the amount of virus neutralized by 
undiluted and by 1 /lO dilution of serum. 

In contrast, dilutions of serum from men vac- 
cinated with two doses of formalin-inactivated 
virus neutralized by cerebral test progressively 
larger amounts of virus as the amount of serum was 
increased, showing a linear relationship on a log- 
log scale with a slope greater than one. Far greater 
amounts of virus could be neutralized by undiluted 
human antiserum than by rabbit antiserum. 

ThuS' a species difference between rabbit and 
human antisera was found in the quantitative 
serum-virus relationship as shown by intracerebral 
neutralization tests in mice with the virus of 
Western equine encephalomyelitis. The explana- 
tion for such a difference is being sought. 

Immune response and delayed reactions in 
guinea pigs after serotherapy of equine ence- 
phalomyelitis virus infection. P. K. Olitsky, 
R. W. ScHLESiNGER (by invitation) and I. M. 
Morgan (by invitation). The Rockefeller Insti- 
tute for Medical Research, New York City. Most 
guinea pigs succumbed within 3 to 5 days after 
inoculation of Western virus into the hind pads. 
Occasional ones survived ; recovery was associated 
with development of active immunity character- 
ized by high titer of neutralizing antibody and by 
resistance to intracerebral inoculation of homo- 
logous virus. When hyperimmune rabbit serum 
was given intracardially to guinea pigs 24 to 48 
hours after injection of virus, those which survived 
showed no evidence of active immunity; the titer 
of neutralizing antibody decreased at the same 
rate as in non-infected control animals which had 
received antiserum only. Several serum-treated 
guinea pigs came down with t 3 'pical fatal cncc- 
litis after unusually prolonged (13 to 47 day.s) 
incubation periods. These delayed reactions oc- 
curred at a time when serum-antibody liad fallen 
to a low titer but was still demonstrable. It was 
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believed that the delayed reactions could not 
have been caused by virus reaching the CNS from 
the periphery at that time, since it would have 
been exposed to the aetion of antibody in the blood 
stream. More likely, virus persisted during the 
prolonged incubation period within the CNS. The 
concentration of antibody in this organ parallels, 
at a 1:300 ratio, that in the serum (hlorgan, Schles- 
inger and Olitsky, J. Exp. Med., 1942, 7G: 357). 
Thus, when a low serum — antibody titer was 
reached, the antibody content of the CNS became 
ineffective and could no longer prevent virus from 
passing to and infecting other cells. 

The prophylaxis and treatment of experimental 
influenza by inhalation of immune serum.* The 
Personneu of Nav-^i. Laboratory Research 
UNrr= § 1. University of California, Berkeley. 
To test the efficacy of immune serum administered 
by inhalation (INH) for prophylaxis and treat- 
ment of experimental influenza we employ an 
atomizer which sprays a fine mist composed of 
approximately 2.7 x 10“^ ml. of fluid per liter of air 
delivered. Experiments on monkeys and mice 
with india ink and radioactive chromic phosphate 
as indicators have shown that inhalation results in 
uniform distribution and penetration to the outer- 
most alveoli of the lungs, a result unobtainable by 
intranasal instillation (INST). 

A globulin fraction of influenza immune horse 
serum administered to mice (INH) has been shown 
to reduce subsequent infection, the degree of 
protection increasing with the duration of inhala- 
tion. Immune serum (INST) and globulin (INH) 
were effective in the treatment of mice infected as 
long as 48 hours before treatment was instituted. 
Repeated treatments 24 hours apart were signifi- 
cantly more effective than one treatment. 

Some degree of immunity was produced by re- 
peated administration of formolized virus (INST) 
to mice, but when immune serum was given con- 
currently active immunity failed to develop. Neu- 
tral mixtures of immune serum and active virus 
(INST) did not produce measurable immunityover 
and above that ascribable to the immune serum. 

Treatment of influenza immune horse serum with 
certain enzymes results in a product so reduced in 
antigenicity and altered in specificity that the 

1 The opinions ndvanced in this paper arc those of the n-riters 
and do not represent the official view's of the Navy Department 

tThe Unit Personnel consists of: .Ubert P. Krueger, Com- 
mander (MC) USNR., Ofiicer-in-Charge, and L. E. Rosenberg, 
Lieut. USNR.; R. G. Welsch, Lieut. (JIC) USNR.; N. S. West, 
Lieut. USNR.; A. S. Browne, Lieut. (jg) USNR.; O. J. Golub, 
Lieut. (jg) USNR.; A. H. Jacobs, Lieut. O'g) (5IC) USNR.; 
J. R. Mathews, Lieut. (jgl USNR.; .\. J. Glarko, Ens. USNR.; 
M. D. Thaxter, Ens. USNR.; H. M. S. Watkins, Ens. USNR., 
I. L. Shcchmeistcr, CPhM, USNR.; W. L. Aielrod, PhM, Ic, 
USNR.; E. R. Chisholm, PhM, Ic, USNR.; G. B. Saviers, PhM, 
Ic, USNR.; P. J. Smith, PhM, Ic, USN.; H. R. Burkhead, 
PhM, 2e, USNR.; C. R. Webb, Jr. PhM, 2c, USNR.; J. -A. 
Gmy, Jr PhM, 3c, USNR.; D. D. Menti, HA, 2c, USN. 


likelihood of allergic reactions in humans is greatly 
reduced. Evaluation of despeciated immune se- 
rum as a prophylactic and therapeutic agent for 
experimental influenza is in progress. 

Asphyxiated tubercle bacilli as a vaccine. 
Truman Squire Potter. Laby. of Preventive 
Medicine, Vniv. of Chicago. Many if not all par- 
asites, in a moist state and at 38-45°C., may be 
killed by depri-ving them of oxygen supply, (J. 
Infect. Dis., December, 1942). This fact may be 
used to prepare vaccines. However, if dried or 
kept at low temperatures, the parasites maj' be- 
come immune to deprivation. 

Human, boidne, or avian-type tubercle bacilli 
may be killed by merely shutting off their supply of 
molecular oxygen, without much attention to oxy- 
gen compounds. This does not hold good for 
anaerobic bacteria which subsist on oxygen com- 
pounds. 

The oxygen deprival not only kills, but favors 
preservation of vaccine structure. After killing, 
the vaccine is best stored on dry ice, like other 
antigens. 

The human-type tubercle bacilli, completely 
killed by incubation at 38°C. in moist vacuum 
tubes, may confer on guinea pigs a definite increase 
in survival time after human-type infection, com- 
parable to that obtained by living vaccine heterol- 
ogous in type (BCG). But the immunized guinea 
pigs eventually die as a rule. 

Rabbits, like human beings, are naturally far 
more resistant to human-type bacilli than guinea 
pigs. In fact, large doses of bacilli, (0.1-0.5 
mgm.), in rather coarse suspensions, are necessary 
to produce extensive morbidity. Even then re- 
covery is the rule unless unusual factors intervene. 
In two series of rabbits the immunes, protected by 
6 subcutaneous inoculations of approximately 13 
mgm. doses of vaccine, almost completely escaped 
the morbidity occurring in controls. These con- 
trols were siblings, from closely inbred families. 
The morbidity consisted chiefly of lesions of the 
lungs, kidneys, oviducts, testes, and mammary 
glands. 

The production of chronic progressive nephritis 
in the rat following the initial injection of specific 
anti-placenta serum. I. Clinical findings. Be.v- 
trice Carrier Seeg.al and Emily Nichols Loeb 
(introduced by A. R. Dochez). Depts. of Bac- 
teriology and Medicine, College of Physicians and 
Surgeons, Columbia Univ., Xciv York City. We 
liave reported that rabbit anti-rat placenta 
serum injected into pregnant rats causes de- 
generation of the placentae and foetal death. 
The present studies describe observations made 
ov'cr 10 months following the injection of rabbit 
anti-rat -placenta serum into m.ale and female rats. 
Twenty-eight hooded animals 40 to 87 days old 
were injected intravenously on three successive 
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days with a total of 1.25 to 2.0 cc. of rabbit anti- 
rat-placenta serum. Three separate serums, ob- 
tained by immunizing rabbits with perfused rat 
placentae, were tested. 

Thirteen control animals injected with rabbit 
anti-rat-kidney serum, 2 with rabbit anti-rat- 
serum serum and 7 with normal rabbit serum were 
under simultaneous observation. All animals were 
on McCollum’s stock diet. 

The injection of rabbit anti-rat-placenta serum 
produced a constant albuminuria (5 to 20 gm. of 
albumin per liter in random samples tested) in 
15 animals. Nine of the remaining animals have 
had marked albuminuria at times but it has not 
been constant. Four have escaped kidney injury 
as judged by the absence of albuminuria. Eight 
of the animals showing albuminuria had nitrogen 
retention with blood non-protein nitrogen values 
ranging from 50 to 190 mgm. per cent. Histological 
examination in 10 of the animals with albuminuria 
revealed a chronic nephritis which is described in 
the accompanying abstract. All 3 anti -placenta 
serums tested produced identical kidne}’’ lesions, 
irrespective of the sex of the animal. 

Animals injected with rabbit anti -rat-kidney 
serum have run a course similar to that following 
rabbit anti-rat-placenta serum. The other con- 
trols have normal urines and no nitrogen retention. 

All surviving animals remain under observation. 

Conversion of antibodies into the “univalent” 
form. Albeht Tyler (introduced by Michael 
Heidelberger). Wm. G. Kcrcklioff Laboratories of 
the Biological (Sciences, California Institute of 
Technology, Pasadena. It has been shown that, 

' ly means of heat, proteolytic enzymes, ultraviolet 
or x-radiation, fertilizin (the natural sperm 


agglutinin obtained from eggs of various marine 
animals) can be converted into a non-agglutinat- 
ing but still specifically reacting form. In con- 
formity with Heidelberger’s and Marrack’s theory 
that agglutinating or precipitating antibodies are 
multivalent in respect to their specific combining 
sites, the non-agglutinating form is termed uni- 
valent. Attempts were made to convert, by the 
above methods, immune agglutinins as. well as 
the normal iso- and hetero-agglutinins in mam- 
malian sera into the univalent form. Heat and 
ultraviolet irradiation were extensively tested 
on rabbit antisera vs. sea-urchin sperm and vs. 
sheep erythrocytes, on normal human sera and 
on beef sera. The former agent was found to be 
ineffective and the latter gave partial conversion 
along with considerable destruction of specific 
combining action. Another agent, photodynamic 
irradiation, the employment of which was sug- 
gested by the results of some early experiments 
by Fleischmann (Miinch. Med. Wchnschr. 52: 
693, 1905) was found to be highly effective. Eosin 
(0.1 to 0.5 per cent) was used as the photodye and 
the antisera were irradiated (fluorescent "day- 
light” lamps) just long enough to reduce the 
agglutinin titer to zero. Determination of the 
inhibiting action of the treated sera on agglutina- 
tion by untreated sera was taken as the measure 
of the extent of conversion to the univalent form. 
In most cases the results show 50 per cent or more 
of the original combining power to be retained by 
treated antisera. Tests of the active antigenicity 
of the treated sera and on the ability of the uni- 
valents to act as hemolysins and as complement- 
fixing antibodies are in progress. 
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SYMPOSIUM ON THE SPECIAL SENSES IN RELATION TO MILITARY 

PROBLEMS 

HALLOWELL DAVIS, Chaihman 
Department of Physiology, Harvard Medical School 


For many years the organs of special sense have 
been regarded by most physiologists merely as 
interesting appendages of the central nervous sys- 
tem. In fact, it has been an open question whether 
they fall within the province of physiology or 
whether they inhabit the no-man’s land bdtween 
physiology and psychology. It is worth noting that 
among our contributors to the present Sjonposium, 
at least three, although they are members of our 
Society, are better known as psychologists than as 
physiologists. 

Modem warfare has suddenly re-emphasized for 
us the practical importance of the special senses 
and it is the recognition of this practical impor- 
tance that has led to the selection of the topic of 
“The Special Senses in Relation to Military Prob- 
lems” for our present Sjunposium. We wish to be 
informed of the state of our knowledge of vision, 
hearing, equilibrium and the rest, and also of the 
nature of those practical problems of military 
significance of which we are only vaguely aware. 
Unfortunately, our contributors cannot go as far 
as they might wish in bringing us detailed informa- 
tion of their present work because of the obvious 
limitations imposed by considerations of military 
security. In spite of the dearth of specific infor- 
mation on many topics, we may take comfort in 
the thought that many of the problems that may 
be discussed merely as problems have already been 
vigorously attacked, and we may look forward to 
the day when the results of present work can be 
published freely and made a part of our general 
scientific knowledge. 

Our thanks are due the contributors who, in 
spite of the pressure of their war-time responsibili- 
ties, have taken the time and trouble to write 
articles for a Sj-mposium that cannot be presented 
orally to the Society and from which they must 
perforce omit most of the current data the presen- 
tation of which would be of great interest to them. 
In fact, several of our members who were invited 
to contribute h.avo felt that they could not offer 
anything worthwhile under the necessary present 
restrictions. 

In relation to military problems, the special 
senses present an interesting hierarchy among 


themselves that constitutes a commentary on the 
nature of warfare, particularly modern warfare. 
The special senses are the mechanisms by which 
the body is informed of its external environment. 
The military importance of a sense is directlj^ pro- 
portional to its range, that is, primarily to the 
distance at which it yields information, and sec- 
ondarily to the variety and precision of that infor- 
mation, In this hierarchy vision is king. It is our 
e.xtcroceptor par excellence. Hearing stands next, 
while all of the others are of relatively minor im- 
portance. This rank order of importance is demon- 
strated by the number of investigations of military 
significance that have been undertaken at the re- 
quest or suggestion of one or another branch of the 
Armed Forces, and it is reflected again in the list 
of topics that will be dealt with in the present 
Symposium. 

The importance of vision is obvious. No other 
sense gives us direct personal information as to the 
presence of objects or the occurrence of events at 
so great a distance. It also allows us to determine 
the direction of distant objects with accuracy and 
to aim our weapons accordingly. The great power 
of visual discrimination, whether of form, of 
brightness, or of color, requires no elaboration. 
The practical importance of adequate vision in 
military operations is indirectly attested by the 
defensive measures taken to avoid visual recogni- 
tion, such as smoke-screens, camouflage and the 
blackout. Furthermore, for most of us vision is the 
dominant sense in our raent.al processes. Man is a 
visual animal and in case of conflict of various 
forms of sensory evidence, vision usually is the one 
upon which we rely. In some individuals auditory 
imagery and auditoiy memory may bo equally 
important with the visual, but for almost all of us 
“seeing is believing”. 

Hearing gives us the possibility of rapid and 
accurate communication by means of language. It 
makes possible the speedy reception of information 
from other men, and when its range is increased by 
instruments, such as the telephone .and radio, it 
assumes a position of great importance. The infor- 
mation is usu.all 3 - secondhand in that it generally 
consists of what some one else has seen or what a 
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superior officer wishes us to do. Hearing is indis- 
pensable, but only under special conditions does it 
become the primary sense that makes contact with 
the enemy. The distances over which hearing, un- 
aided by instruments, is useful is shorter than the 
range of vision, but hearing has the advantage that 
it is available at all times. It is as good by night as 
by day and it is the sense which remains most 
active during sleep. Our sense of direction by hear- 
ing is relatively poor, but as a general warning, 
whether arousing us from sleep or attracting our 
attention while awake, hearing is "the watchdog 
of the senses”. It is an interesting commentarj'^ on 
the relative importance of vision and hearing that 
the phrase “watchdog” comes naturally to mind. 
The word “watchdog” is anthropomorphic. A 
watchdog really does not watch. He is a “hark- 
dog” who relies more on his ears than on his eyes. 

The car is not hampered by natural obstacles 
such as night and fog, but under conditions of mod- 
ern warfare it frequently is forced to operate under 
“smoke-screen” conditions of our own making, as 
in the noise of an airplane, a tank or an engine 
room. We shall see that the problem of maintain- 
ing communication in an atmosphere of noise of 
our creation is one of the chief military problems 
of hearing. 

Another extcroceptor is the sense of smell. We 
can distinguish and, particularly with training, 
can recognize a great variety of odors; but smelling 
is biologically a lost art. If we were dealing with 
the military problems of dogs we should probabl}’’ 
have a large chapter on problems related to the 
sense of smell; but apart from possible questions 
of nuisance value or of recognition of special sub- 
stances, such as poison gas, for which neither 
vision nor hearing are adequate, it is difficult to 
imagine many serious military problems involving 
the sense of smell. 

The sense of equilibrium and of orientation with 
respect to gravity is an e.xteroceptor to a very 
limited degree inasmuch as it gives an orientation 
with relation to our surroundings. The tactile and 
proprioceptive sense that enables the aviator to 
“fly by the seat of his pants” might be mentioned 
for the sake of completeness, but it scarcely pre- 
sents special problems. Abnormal functioning or 
irritation of the labyrinth may be very distressing, 
as in the case of motion sickness, and the problem 
of the proper discounting of false impressions of 
position and rotation during aerobatics is one of 
interest and significance. The range of information 
yielded by the labyrinth is limited, however, and 
the military importance of this sense organ hinges 
chiefly on its nuisance value. 

When we reach the senses of taste, touch, pain 
and temperature we have come to such close quar- 
ters that the problems become almost too personal 
to be of major military significance. The impor- 


tance of these senses from the military point of 
view has shifted from a dependence on the sense 
for obtaining useful information to one of avoid- 
ance of discomfort and distraction. In other words, 
their chief importance is their potential nuisance 
value. 

We have already indicated two of the major 
types of problem that arise in relation to the spe- 
cial senses; First the protection and, by implica- 
tion, also the possible improvement of a necessary 
function. The second is the avoidance of personal 
distress or discomfort, as from extremes of temper- 
ature, unpleasant smells or tastes, the itch of skin 
irritations, the pain of wounds, or the nausea and 
disability of motion sickness. We shall have little 
to say about any of the latter class of problems. 
The approaches to them are fairly obvious. One 
possibility is to attack the very obvious cause of 
the discomfort. Another is to allay the distress by 
the use of drugs, but in few instances are the 
special physiological properties of the sense organs 
very clearly involved. The soldier is expected to 
endure considerable discomfort, but when it be- 
comes so severe as to impair his efficiency the solu- 
tion is usually sought in some practical compro- 
mise aimed at reducing the stress to which he is 
exposed. 

The possible improvement of vision and of hear- 
ing is a fascinating thought, but we already know 
that we cannot e.xpect much in this direction. 
Good normal ears and eyes function about as well 
as it is possible for an eye or an ear to perform. We 
are limited by the nature of the structure of the 
eye and the ear and also by the nature of light and 
of sound. A very few photons arriving at the retina 
suffice to produce vision in a fully dark-adapted 
eye. The ear is sensitive to movement and pressure 
changes in the air at an energy level only slightly 
above that of the thermal agitation 'of the mole- 
cules. The real problem is to preserve at its best 
efficiency the sensitivity which nature has alread)' 
given us. How can we best protect our eyes and 
ears against fatigue and against the loss of sensi- 
tivity resulting from unfavorable general condi- 
tions, such as malnutrition or ano.xia? What are 
the possibilities of failure from temporaiy over- 
load, such as we find in aviator’s deafness or in 
snow blindness? One of the important military 
problems of the special senses is to determine vith 
some accuracy the limits of tolerance of vision an 
of hearing under extreme conditions of scveic 
stimulation and to devise methods of piotcction 
and conservation. 

The problem of dark adaptation of the ej-c is a 
special one with which we arc all more or ess ami 
iar and which will be dealt with spccifica y ry one 
of our contributors. Fortunately there is no cone 
spending probleni in the case of hearing un c.ss ve 
include in this comparison the tcmpoi arj c ca ness 
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that results from exposure to very loud noises. No 
time-consuming process of adaptation is normally 
required to rc-adjust the sensitivity of the ear to 
enable it to hear faint sounds following exposure 
to any sound that can properly be considered 
within natural limits. 

Problems of interference with function by un- 
wanted but unavoidable competing stimuli arc 
rather similar for both sight and hearing. The 
glare of sunlight or of searchlights may prevent us 
from using our eyes to their normal advantage. 
The ardator’s tactics of approaching his enemy 
“out of the sun” is a familiar illustration of this 
principle. Nature prorddes few sounds loud and 
continuous enough to mask hearing as effectively 
as the direct glare of sunlight dazzles vision, but 
man-made noises within planes and tanks form a 
serious obstacle to communication even when the 3 ' 
are below the level that maj' cause temporary loss 
of hearing. The problem of minimizing these diffi- 
culties bj' proper aeronautical design is considered 
specificallj' in one of the contributions to our 
Sj'mposium. 

Although we cannot hope to improve signifi- 
cantlj' upon the performance of the best eyes and 
the best ears, there is, nevertheless, a great differ- 
ence in performance between the best eyes and the 
worst eyes and between good ears and bad ears. 
We are all familiar of course with the frequent 
rejections of men from militarj' service because of 
faulty eyesight and, less frequently, because of 
deafness. The problem of selection of personnel 
with respect to special abilities and disabilities of 
sight and hearing is an important one. Not only do 


we find nearsightedness, farsightedness and astig- 
matism, which maj'^ be corrected by glasses, but 
there are also the special disabilities of color- 
blindness, and, more rarely, night-blindness. 
Deafness may depend upon faulty transmission of 
sound to the inner ear resulting from old infections 
of the middle ear, or there may be a deficiency of 
the sense organ itself either as the result of disease 
or from previous exposure to very severe noise. It 
is being recognized more and more clearly that at 
least two standards should be set up with regard to 
sight and hearing. First, a minimum standard, 
representing the worst performance that is com- 
patible with active military duty, and secondljq 
special criteria for special assignments. It is ob- 
vious that good eyesight is more important for an 
aviator than for a member of the Quartermaster 
Corps. While extreme acuity' of hearing is of little 
significance in a tank it maybe all-important in an 
outpost or when listening for enemy airplanes or 
submarines. It is also becoming increasingly ap- 
parent that mere acuity of hearing or sharpness of 
vision or a high degree of dark adaptation does not 
tell the whole story. There are also more subtle 
faculties of the central nervous system that enable 
one man to understand speech in noisy surround- 
ings better than his fellow or to recognize the 
significance of and interpret correctly what he 
sees. These more subtle and complex functions rest 
upon native ability, but they may also be im- 
proved by training. The selection and training of 
personnel for specialized assignments is one of the 
important military problems of the special senses. 


RED GOGGLES FOR PRODUCING DARK ADAPTATION 

WALTER R. MILES 

Laboratory of Physiological Psychology, Yale University School of Medicine 


Effective vision at night or in darkened rooms 
depends upon adaptive processes in the eye 
whereby the receptor mechanisms, cones and rods, 
become increasingly sensitive for a period of one 
half hour or more. In the past, the potential ob- 
server has had to wait in the dark until he could 
see. The amount of this waiting time to achieve 
something near maximum sensitivity of the eye 
was about 30 min. in complete darkness. The adap- 
tation time required to reach a certain threshold 
level is lengthened if the subject has previously 
been in very bright light, or it is shortened if the 
previous environment has been of a relatively low 
brightness level. The effects of brilliant, glaring 
environment can bo reduced by the use of proper 
goggles, and ordinary indoor working light can be 


made very' dim by such means. Through use of the 
goggle method the eyes are thus partially adapted 
before being introduced to the real darkness, and 
the period required in the dark is shortened. For 
several years x-ray operators have used such gog- 
gles as a means of preparing their eyes for fluoro- 
scopic work. The goggles were worn for several 
minutes while engaging in ordinary office work 
before going to the darkroom and during intermis- 
sions when the operator wished to leave the dark- 
room. In this w.ay, quite a saving in time is 
achieved. Neutral, green, and red goggles, in 
general of rather high density, have been available 
for these x-ray purposes, and such equipment has 
also been u.scd by’ various industrial workers pre- 
paring for darkroom activity. 
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vant data have been discarded, and the results laboratory rooms was considerably below that of 
show a good degree of consistency. the light adapting screen. 

Threshold values procured after using the red It was not expected that thresholds following 
goggles without the subjects having been light light adaptation and the red goggles would be 
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Fig. 2. Comparison of dark adaptation thresholds for goggle and non-goggle 
ne curves represent thresholds taken in darkness following standard light adaptation, ^^ur 
2 d in dots or iii dashes represent thresholds after standard light adaptation , an a^ thresholds 
lie red goggle in a lighted room for 25 min. Curves shown in dots and dashes represen 
fter wearing the red goggles for 25 min. but without previous standard light adaptation. 


idapted (lines shown in dots and dashes) tend to 
le slightly lower than when wearing of the goggles 
vas preceded by light adaptation. This result was 
;o be expected, since the brightness level of the 


quite as low as with light 

The red filters pass some light that stimi ” j 

of the rods because a fair amount « 

vision is present when one is wearing the gogg • 
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The apparent advantage of securing a lowered 
threshold by the goggles may be an artifact caused 
by retinal fatigue or by general fatigue. The e.v- 
periments carried out with the goggles made some- 
what less demand on the subjects than when 
serving for the full adaptation curve. Also, the 
portion of retina tested in the experiments was 
subjected to more low level stimulation for obtain- 
ing the thresholds represented in the complete 
curve than in the goggle tests. 

An experimental procedure was tried with the 
red goggles that approximated more closely that 
of the regular experiment in darkness. Preadapta- 
tion to light was used, then the subjects remained 
in the adaptometer room, put on the goggles, and 
the ceiling light was turned on. The subject looked 
at magazines and conversed with the operator for 

4 or 5 min., then the ceiling light was extinguished, 
the goggles pushed up, and a threshold determina- 
tion made. The goggles were pulled down, the 
lights turned on again. In this manner, red goggles 
with the room light on were used for periods of 4 or 

5 min., interspersing the measurements for outlin- 
ing the complete adaptation curve. Comparative 
results of this character are shown in figure 3 
which embodies the charts of three subjects. The 
time intervals during which the goggles were worn 
have been set off with vertical lines, and each such 
period is marked with the letter R. In the inter- 
vening periods the room light was turned off, the 
goggles displaced from in front of the eyes, and 
threshold measurements taken. These points are 
represented by bold solid dots with short segments 
of curve attached. 

In each of the three cases the bold sketched 
curve tends to fall below the subject's comparison 
curve or curves made in darkness without the use 
of the red goggles. In chart I the two curves arc 
near together during the first 15 min., but after 
that are separated by 0.4 to 0.6 log units. Chart H 
includes two comparison curves made in darkness. 
In the interval 20-40 min. following light adapta- 
tion both comparison curves are above that for the 
goggle experiment. In chart G the subject appears 
to have gotten more rapid dark adaptation with 
the goggles, but the terminal thresholds are only 
slightly lower than those found in the comparison 
test. 

Chart G includes an additional broken curve at 
the top which is nearly horizontal and at a level 
typical of cone adaptation. This curve is for red 
stimulus light secured by using a Wratten SS filter 
in the adaptometer in place of the Corning 5113. 
It is a simple matter to shift these filters and thus 
record curves for violet stimulation and red stimu- 
lation during the same e.xpcrimcnt. The two 
threshold determinations for red made within the 
first 10 min. arc 0.2 to 0.3 log units lower than those 
found later in the goggle experiment on this sub- 


ject. The intermittent wearing of the red goggles 
thus decreases the sensitivity of the cones for the 
red stimulus in the adaptometer test patch. This 


O 5 10 15 20 25 30 35 40mM. 



Fig. 3. Dark adaptation curves with and with- 
out red goggles. The broken curve composed of 
bold dots shows thresholds when red goggles were 
worn intermittently in a lighted room. Solid line 
curves represent tlircsholds during adaptation to 
darkness. 

is a result which would be expected. That the rise 
in the curve is no greater than shown is probably 
in part due to the fact that the red goggles were not 
















114 


FEDERATION PROCEEDINGS 


worn continuously. Whenever the room light was 
turned off the cones would begin recovering from 
their red adaptation. 

Discussion. The tests I'eportcd here on the 
effectiveness of red goggles for achieving dark 
adaptation were all conducted between October 1C 
and November 19, 1941, in New Haven. Prior to 
this a single pair of goggles as described above had 
been put together for trial. Following the tests 12 
pairs were made according to the same specifica- 
tions, and these were distributed to organizations 
and individuals interested. The data presented 
show good consistency and essential equivalence 
of brightness thresholds for the regular dark 
adaptation method and for the red goggle method. 

As a first approximation based on the photopic 
and scotopic visibility curves for red light the filter 
chosen for the experimental red goggle proved to 
be usable and effective. However, its transmission 
was relatively low.® It seemed probable that a filter 
with a cutoff at 600 ra/i might be adequate for the 
purpose. Later experiments by others have proved 
this to be the case (4) (5). From the results here 
presented it seems obvious that dark adaptation 
essentially equivalent to that secured by waiting 
in darkness for 25 min. can be achieved by use of 
various red filters chosen in relation to the il- 
lumination level of the room or area in which the 
adaptation period is to be spent by the personnel 
interested. This is not the place or the time to 
discuss such details or routines in reference to 
exact duration of periods of wearing the goggles 
and of being in darkness before beginning the 
different types of work involving night vision. 

These experiments clearly demonstrated that 
the routine of waiting in the dark to accustom the 
eyes to their night duty tasks was quite unneces- 
sary. That rather dreary procedure can be avoided 
and the time that it requires occupied in more 
cheerful and more useful pursuits. Personnel pre- 
paring for night duty by wearing dark adaptor 
goggles desire to have as much useful vision as 
possible. Therefore, for general purposes it seems 
unnecessary to use a red goggle that has a density 
that tends to adapt the eye to a level lower than 
it would naturally adapt to in, for example, a star- 
lit area. Practical considerations must govern the 
goggle specifications and routines suited for mili- 
tary operational or industrial needs. 

The results of these experiments are not suffi- 
ciently extensive to lend themselves well to 


® Photopic transmission 3.80 per cent; scotopic 
transmission 0.246 per cent. Personal communica- 
tion from Mr. R. W. Cheshire. 


statistical treatment. However, so far as they go, 
they consistently indicate that red light enhances 
the rate of the adaptation processes in the retina 
beyond that which normally takes place in the 
presence of darkness. So far as the writer is aware, 
this is a new finding. Its explanation is not at pres- 
ent clear, and it obviously calls for more detailed 
and critical experimentation. 

Summary. 1. Goggles for reducing the light 
and partiallj" adapting the eye to darkness have 
been routinely used by x-ray operators and indus- 
trial workers. The usefulness of such goggles for 
securing complete dark adaptation was here made 
the subject of e.xperimentation. 

2. Specifications were based on the photopic and 
scotopic visibility curves in the red and an experi- 
mental goggle employing Corning Slier No. 2403, 
which passes no visible radiation shorter than 620 
mn, was made and tried out by means of taking 
dark adaptation thresholds with the Hecht- 
Schlaer adaptometer with practiced subjects. 

3. After light adapting the eye in a standard 
manner and wearing the red goggles in a lighted 
room (5 ml.) for 25 min., it was found that the 
brightness thresholds were as low or lower than 
when the subjects had been in complete darkness 
for the entire period. 

4. Dark adaptation thresholds made by using 
the red goggles intermittently showed threshold 
curves that were as low or lower than those made 
while the subject was in complete darkness. 

5. The experimental results obtained indicate 
that deep red light has a property of augmenting 
the rate of dark adaptation of the eyes beyond that 
provided by complete darkness during the first 25 
or 30 min. of adaptation. 

6. The red goggle method of adapting the eye for 
night vision can be substituted for the routine of 
waiting in darkness and offers the practical advan- 
tage that subjects can engage in'tasks requiring 
reasonably good vision during the period of 
adaptation. 

7. The red goggle technique provides a means 
whereby night or darkroom duties can be inter- 
rupted at will by returning to lighted areas with- 
out the loss of dark adaptation. Also, by this 
means dark adaptation gotten during sleep in a 
darkened area can be saved while passing through 
lighted areas to the location of the night vision 
tasks. 

8. Details for specifications of dark adaptor 
goggles, the timing routine for wearing them, am 
the illumination in the areas where they arc vorn 
are practical considerations to be worked out in 
reference to specific tasks and objectives. 
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functioning convergence is necessary for effective 
space perception; and aspect disparity is a neces- 
sary condition for stereoscopic vision. 

1. Binocular convergence. When an object is ob- 
served at a great distance, the lines of sight 
through the centers of the two eyes arc parallel. 
When the object is near at hand, the eyes are 
turned so as to focus along linos of sight which 
converge upon the object. Convergence is brought 
about by the action of the eye muscles in effecting 
the co-ordinated turning of the two eyes. Because 
of this action, convergence may serve as a cue in 
depth perception. A large amount of convergence 
means an object which is close at hand; a small 
amount, an object which is farther awaj\ Con- 
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Fig. 1. E.xamples of aspect disparity. A is a 
view, seen from above, of lines of sight when the 
eyes look at a solid object. Notice that the right 
eye sees some of the right hand side of the object, 
while the left eye sees some of the left hand side. 

R is a front view of a cube seen by the left eye 
with the right eye closed. C is a front view seen 
by the right eye with the left eye closed. When 
both eyes are open, we see a fusion of B and C. 
This fusion results in the perception of a solid 
object, the cube, seen in depth. 

vergence cues are probably ineffective for objects 
at distances greater than 20 yards. 

2. Aspect disparity, corresponding points, and 
stereoscopic vision. When we look at a solid object 
we do not see the same view with the left eye as 
we see with the right. This difference in views is 
called aspect disparity. In order for us to perceive 
depth with ma.vimum effect the two views must 
be combined. When they are combined, we per- 
ceive an object in depth, and this manner of per- 
ceimng is called stereoscopic vision. 

Figure 1 gives us an example of aspect dis- 
parity. The diagram. A, represents a top view 
of the lines of sight occurring when our eyes regard 
a solid object. Consider what happens when we 
close one e^'e, and imagine that the solid object is 


being regarded from the front as in B and C. If 
the i-igiit eye be closed, we perceive the view dia- 
grammed in B. With the left eye closed we see the 
object as in C. In normal vision, when we regard 
the object with both eyes, wc see it as a fusion of 
B and C which represents a solid cube seen in 
depth. It must be emphasized that if we regard 
an object with one eye only we see it with a small 
degree of depth. It is the fusion of the disparate 
views which produces a ma.ximal effect. 

The principle of aspect disparity is used with 
good effeet in the old-fashioned stereoseope. In 
this instrument the visual field of the right eye is 
separated from the field of the left eye by means 
of a partition which extends from the eyepieces 
nearly to the stereoscope card. The stereoscope 
card represents tu’o vie\rs; the left-hand view 
photographed from the position of the left eye; 
the right-hand view, photographed a slight dis- 
tance to the right from the position of the right 
eye. These two camera views of the solid object 
are placed upon the stereoscopic card so that the 
left-hand view is restricted to the left eye, and 
the right-hand view to the right eye. In looking 
at the two views, an observer fuses the two views 
into a meaningful single view. The fusion is taken 
to represent a scene which is perceived in depth. 

It must be emphasized that stereoscopic vision 
does not occur under artificial conditions alone. 
It occurs naturally at any time when we view a 
solid object in depth. By virtue of the fact that 
we receive a right eye view and a left eye view of 
the object, we have a condition for aspect dis- 
parity with its consequent stereoscopic percep- 
tion. 

When w'e are considering stereoscopic fusion 
for small objects in space it is sometimes con- 
venient to think in terms of correspondence and 
non-correspondence of retinal points. Stimulation 
of corresponding points occurs when correspond- 
ing parts of retinal images lie on points in the two 
eyes which are at equal horizontal and vertical 
distances from the central lines of regard. 

Stimulation of non-corresponding points on the 
temporal-nasal axis of the eyes docs not always 
result in double vision. "Seeing double” occurs 
only when horizontal disparity exceeds a definite 
value; below this value, fusion occurs even though 
stimulation is on non-corresponding points. 
AVithin the range of disparity where fusion is 
tolerated, the perceived distance of the fused 
object varies with the amount of non-correspon- 
dence. As disparity increases, the object is per- 
ceived ns moving forward or backward in space 
depending on the direction of disparit}'. 

Stereoscopic r.vnge findino (3, *1). Tie 
inslrumcnl . There are a number of interesting 
modifications of the stereoscope. From the point 
of view of the military man, the most important of 
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these is the stereoscopic range or heiglit finder. 
The range finder is n modification of the telestcrco- 
scopc, tlie principle of which is represented in 
figure 2. 

In this instrument an c.^aggeration of the normal 
depth effect is accomplished by providing mirrors 
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Fig. 2. The principle of the telestereoscopc and 
the range finder. (When the range finder is used 
for finding the height of planes, it is called the 
height finder.) The target, T, is viewed by the 
eyes, Er and jBt, through the parts of the optical 
system indicated in the diagram. 

at A, B, Ml and Mr. With the mirrors in place, 
the left eye, Er, seems to be viewing the object 
from position A while the right eye, Er, seems to 
see it from B. By this moans, the angle ATB 
between the lines of sight for the two eyes is 
greatly increased over what it could be with 


naked vision. How much it is increased depends 
on how long the distance AB is made; and this 
length in turn determines how much the stereo- 
scopic depth effect will be increased. If the length 
is increased sufficiently, even targets at great 
distances yield disparate images to the two eyes 
and are seen in the third dimension. 

The tclestcreoscope of figure 2 may be converted 
into a stereoscopic range finder by the addition 
of two important features. First, eyepiece and 
objective lenses arc inserted in the instrument, 
and these magnify the appearance of the target 
as well as enhance the depth effect. Secondly, an 
artificial field of reference marks, called a reticle, 
is placed in each side of the instrument, in the 
space between the two mirrors. As with the two 
views on a stereoscopic card, the two reticles are 
seen as one fused image. Some of the marks on the 
two reticles arc alike, but other marks are slightly 
disparate so that they seem nearer or farther 
away than the rest of the marks. 

When the range finder is directed at a target, 
T, the target image appears within the reticle 
field. It the angle e is varied by turning the mirror 
B, the target seems to approach or recede with 
respect to the reticle marks, depending on which 
way the mirror is turned. It is therefore possible 
to find a certain value of 0 where the target seems 
to be at the same distance in space as one of the 
reference marks (usually the center mark) in 
the reticle field. 

In practice, it is just as convenient and more 
accurate to measure the complement of B, 90° — B, 

AB 

which is equal to a. Then = tan a. But a is 

A X 

a small angle, and tan a may be taken equal to 
angle a expressed in radians: Since one 


radian equals about 206,000 seconds, a — 


206,000Ag 

AT 


or AT = in seconds of arc. When 

a 

magnification occurs in the range finder, the mag- 
nification, M, multiplies the right-hand side of 
the preceding equation. The resulting equation is 


R = 


206,OOOM/ 

a 


where b is the base length of the range finder 
(= Afl) and R the range (= AT), measured in 
the same units. 

The rotational movement of the mirror B may 
be calibrated in numbers proportional to recipro- 
cals of a in such a way that each determination 
of a means a certain range from the range finder 
to the target, base length and magnification 
remaining constant. Because of the stereoscopic 
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Fig. 3. Stereoscopic vision in the range finder. 
Explanation in the first footnote. 

depth of the target in the reticle field, the observer 
is able to take ranges with great accuracy.* 

* It is clear in figure 2 that the accuracy with 
which range can be determined depends upon the 
accuracy of measurement of angle a. In order to 
make the determination of a as precise as possible, 
use is made of the stereoscopic acuity of the 
observer. 

Rays of light from T In figure 3 impinge upon 
mirror B which is set at such an angle that the 
rays strike mirror Mr at Wi and arc reflected 
into the eye, Es, to ws. Ws has a position in E« 
corresponding to zs, a point of stimulation in Ei 
arising from ray ZiZ^; that is, tv« and zn are cor- 
responding points. (Objective lenses necessary 
to image T at and Rr are not shown, nor are 
necessary reversing lenses and eyepiece lenses.) 

Rf, and Rr indicate reticle lines placed in the 
optical system. These lines, when regarded 


T/ie man. The. skill of the stereo operator de- 
pends among other things on his stereoscopic 

through the proper system of eyepiece lenses, 
arc fused, and the observer sees a scries of “posts” 
hanging in space. The central point of each of these 
reticles lies in the same axis, perpendicular to 
the page, as the ray from target T. In consequence 
the perception given by stimulation of points zi 
and Wi in the two eyes is one of judging the reticle 
to be above or below T but in the same stereo- 
scopic plane as T. 

Consider what happens if mirror B is rotated to 
X or F. If the mirror is in position X, rays from 
the target T follow the path indicated by zizi. 
Xi is a point which does not correspond to zi. 
Therefore, target T is seen behind the reticle. 
With the mirror in position F, rays follow the 
path piyi and the target is seen in front of the 
reticle. 

If the optical system is carefully constructed 
so that positions of Rr and Rr are known, the 
fused reticle presents a series of lines representing 
a known distance geometrically. Movements of 
mirror B required to bring a target into the same 
plane as the reticle can be calibrated to indicate 
ranges of targets when the targets are “lined up” 
with the reticle. Because of the fact that stereo- 
scopic judgment is so sensitive, the determination 
of angle a can be determined very accurately 
by this method. 

The above description of the stereoscopic range 
finder is correct in principle but is oversimplified 
and schematized. In the actual instrument the 
mirrors are replaced by reflecting prisms all of 
which are stationary. The variation of 6 is 
achieved by the use of refracting prisms located 
between B and Mr. These prisms arc controlled 
by the range knob, and the range in yards is read 
directly from the dial connected with the prisms. 

In height finding, the stereo observer depends 
on two trackers to help him keep the plane in view. 
One tracker mans a telescope at one end of the 
range finder and the other looks through a tele- 
scope at the other end. One tracker moves the 
instrument in azimuth until the plane appears 
centered in his telescope; the other moves it in 
elevation until the plane appears centered for 
him. When the plane is centered in both tc e- 
scopes, height readings may be made by the stereo 
observer. 

The stereo observer may follow the plane con 
tinuously by attempting to keep the image con 
stantly over the reticle, or ho may make 
settings at five to ten second intervals \s In e le 
plane remains in view. In cither case, the set mg.s' 
eventually arrive at the computing instiiimcn s 
which cause the guns to “lead” the plane an 
fire with fuses timed to explode near the p atie. 
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ncuity. Stereoscopic acuity is the least diflorcnco 
in angles formed by lines of sight to two objects 
when an observer can just perceive that one of 
the objects is fartlier away than the other. This 
difference in angles is called stereoscopic pnralln.\ 
which is illustrated in figure 4. The parallactic 
angle in figure 4 is ai — a. for lines of sight formed 
at objects Ti and 1\. When ai — a- reaches a 
minimal threshold value for space perception, the 
difference is called v. is a measure of stereoscopic 
acuity; low values of 17 mean good acuit3’; high 
values, poor acuity.^ 

Under certain special conditions (stationary 
objects, optimal illumination, etc.) e.xtrcmely 
good observers can discriminate angular differ- 
ences ns small as 4 seconds of arc. This figure 
means that at 100 j-ards the observer can detect a 
difference in distance between two objects, lying 
close together, of about 3 yards. At 200 j-ards the 
required difference is 12 j-ards. When observations 
are made bj' following moving objects, judgments 
are not so good as this. In range finding the 


will tend to judge the objects to be at the same 
distance, and this judgment will be in error by 
1 jmrd. 

The same situation applies in the range finder. 
Even though the operator judges the target and 
reticle to bo “lined up” at the same distance, his 
judgment may err by an amount which is deter- 
mined by his stereoscopic acuitJ^ Obviously, an 
operator with good stereoscopic acuity will make 
a smaller error than one with poor acuity. The 
importance of stereoscopic acuity is shown by the 
fact that an error of 28 seconds in one type of 
range finder leads to an error of 90 yards in ranging 
on a plane flj'ing at a height of 6,000 yards.® 

It is clearly to the interest of the Services that 
stereo operators be chosen with great care. Men 
with poor stereoscopic vision will probably never 
become proficient range finders. Up to the present, 
a number of devices have been developed for 
selecting stereo operators with good stereoscopic 
acuity. Selective methods of this sort are valuable, 
and they should be used fully for selecting the best 



Fig. 4. Parallax in the observation of two objects. The diagram also indicates the influence of 
increasing base length in the range finder. ai and 02 increase as Ei and Er are, in effect, more 
widely separated. 


angular difference may rise to as high as 45 seconds 
with a poor operator. 

Stereoscopic acuity is important in range finding 
because it determines the error of ranging. Let us 
consider the cage of the man regarding the two 
objects, on: at 100 yards and the other at 103 
yards. If Ihe man can just appreciate the differ- 
ence of 3 yards, he obviously cannot certainij’ 
perceive the difference when it is reduced to 1 
yard. In other words, if he observes one object 
lying at 100 yards and the other at 101 yards, he 


2 Let d be the distance to Ti along a line per- 
pendicular to a line, a, joining the centers of the 
two eye." (the interocular distance). If Tz lies near 
Ti and nearly on the same lino perpendicular to 
a, the distance to Tz may be called d S, where 
S is the difference in distance between Ti and Tz 
and where 5 is small in relation to d. The bin- 
ocular parallax ai - a-, is given by the expres- 
sion : 

206,000aS 

d® 

in seconds of arc, approximately. At threshold, 
this is equal to v- 


talent. In range and height finding only the best 
talent is good enough.* 

Coincidence range finding (3). The coin- 
cidence range finder operator makes observations 
with one eye. Figure 5 shows the principle of the 
instrument. (Eyepiece and objective lenses are 
omitted.) R.ays of light from target T are reflected 
from mirrors A and B, rays from mirror A being 
reflected into the eye, B, by mirror Mr, and raj's 
from mirror B by Mr. Mr is a mirror whose reflec- 
tions fill only half of the visual field seen by E, 
o.g., the lower half. Mr provides rays which fill the 
other half of the field, e.g., the upper half. As 
the observer looks into the total field provided, 


® The error, da, in determination of a (figure 2) 
is related to the error, dR, from the true range, R, 
by the following equation, whore M is the magnifi- 
cation and b the base length : 


206 ,ooo 6 jir ■ 

* See Ballard (1) for a discussion of certain prob- 
lems concerned with stereoscopic and coincidence 
range finding. 
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he sees a field which is bisected by a fine hori- 
zontal line. The subject’s task is to adjust mirror 
B to give an accurate measure of angle a. This is 
done when mirror B is so adjusted that the two 
halves of the target complete an unbroken con- 
figuration. Proper range is determined when the 
target has the appearance illustrated in figure 6A. 

T 
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Fig. 5. The principle of the coincidence range 
finder. Mr reflects rays from B into the eye, E, 
and Ml rays from A. Mr is placed above Mt in 
the visual field. 

Incorrect ranging results in the effect illustrated 
in figure 6B. 

It is clear that the accuracy of the determination 
of angle a in the coincidence range finder is deter- 
mined bj’- the observer’s coincidence acuity. 
Good subjects can make settings, under optimal 
conditions, with an error of 4 seconds of arc or less. 

Equations for range and range error are similar 
to those holding for the stereoscopic range finder. 


The coincidence range finder has the disadvantage 
that, with moving targets, it is difficult to keep 
the target on the bisecting hairline of the field. 

“Breaking” camouflage (s). Stereophotog- 
raphy usually involves the successive photo- 
graphing of a given scene from different positions 
in the air. The resulting photographs are then 
paired and viewed through a stereoscope. Due to 
the resulting disparities, the three dimensional 
characteristics of the photographed objects appear 
clearly. This method is particularly good for 
revealing camouflaged military installations, for 
e.xample, those which have been painted over with 
drab colors. Since aspect disparity is stronger 
than any monocular cue, the monocular charac- 
teristics (misleading light and shade patterns) 
of the scene are suppressed and the true spatial 
characters of the objects are perceived, poorly 
disguised by the drab coloration. 

Stereophotography is sometimes valuable in 
“breaking” other types of camouflage. For e.vam- 


A B 



Fig. 6. A. View of a flagpole seen in a coinci- 
dence range finder w’hen correct range is made. 
B. Incorrect range. 

pie, if a house or a town be painted on an airport, 
the deception becomes obvious when a lack of 
relief appears in the stereophotographs. 

Infra-red photography is another method which 
has been proved valuable in “breaking” camou- 
flage. The effects of light and shadow can be 
studied in detail on the film without reference to 
color. Shadows, buildings, trees, roads, or any- 
thing which might be painted on the ground can 
be e.xamined in the photographs to see whether 
their appearances “make sense.” In order to meet 
the challenge of infra-red photography, camou- 
fleurs have paid less attention to colors and more 
to “contour” and “texture” in creating mis- 
leading cues. For this reason infra-red photog- 
raphy is faced with more difficult problems, an ^ 
more and more of the burden of brea 'ing 
camouflage is falling on the shoulders of stoieo 

photography. , 

Aviation. It seems likely that most pi o a 
depend to a large extent upon binocular vision in 
flying. Nevertheless, it is true that an c.xperienccf 
pilot may continue to make good Ian mgs oven 
w'ith one eye covered. In other words, stereoscopic 
vision may be used under ordinary circums an , 
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but in extraordinary circumslajiccs tlic pilot can 
depend upon other methods. In addition, there 
seems to be little doubt that some one-eyed pilots 
have flown successfully for years and certainly 
without benefit of stereoscopic vision. 

A superficial interpretation of those facts might 
lead to the inference that stereoscopic vision is 
not necessary to the pilot. However, it must bo 
pointed out that no satisfactory answer has been 
given on the question of how one-ej’cd pilots, as 
contrasted with normal pilots, stand up to the 
visual strains associated with fatigue and tow 
oxygen. Supporters of present standards arc con- 
fident that the one-eyed pilot’s space perception 
will fail under stress before the normal pilot’s; 
hence, they recommend that the requirement be 
maintained. 

It may be that binocular vision is not important 
to the pilot at high altitudes except in formation 
flying. In formation flj’ing, the pilot must judge 
and maintain his distance from neighboring planes, 
and under these circumstances good stereoscopic 
vision seems important. 

Relative motion is a factor that can operate for 
one-eyed as well as two-eyed pilots and may con- 
stitute an important aid to landing. As the pilot 
lands he perceives the motion of the environment 
in relation to his head and eyes. Far-off objects 
are interpreted as distant because they are seen 
to move with the plane and head. Nearby objects 
seem to move against the plane and head. The 
significance of this space cue to the pilot has not 
been clearly demonstrated. 

A pilot’s space perception is a complex and 
shifting affair. The cues impinging on him at any 
time are the result of hundreds of variables: the 
terrain, atmospheric conditions, the particular 
operation, the particular type of plane, and many 
others. In these ever changing circumstances, the 
pilot, like all human beings, makes use of what the 
psychologist calls the “constancy” organization 
of space perception. 

The term “perceptual constancy” describes the 
fact that a man can often recognize objects even 
though few specific cues arc presented. A lack in 
one cue may be made up by the presence of other, 
even incomplete, cues.^ In consequence of this. 


' A simple case of visual “perceptual constancy” 
arises in reading words printed in “Shadow” 
American display type. For example, readers have 
little difnculty in underst.anding the word “Of” 

Tip 

when they see -I . This is true even though 

the merest outlines of letters are presented. It is 
tempting to relate this type of activity to those 
conditioned responses which arc founded on com- 
plex stimuli, but which are later clicitablo when 
only one member of the complex is presented. 


a human being exhibits a learned or innate per- 
ception which remains relatively constant in the 
face of wide variations in data from the external 
world. “Perceptual constancy” plays an im- 
portant part in such complicated activities of the 
pilot as “visualizing the route” and “keeping a 
sense of direction.” In those activities space be- 
haruor remains “constant” even when ground 
patterns, atmospheric conditions, instrument 
readings and a thousand and one other factors 
v'ary. 

The topic of “constancy” has many implica- 
tions for the flyer, and we should be in better 
position than wc are to utilize its principles. It 
seems fairly certain that individuals vary in their 
“constancy” judgments and that these judgments 
can be improved by practice. 

PeBCEPTION of MOVEJfENT AND SPEED (2). 
The factor of movement increases the complexity 
of space cues and sometimes provides its own 
special effect upon the observer. The most refined 
measurements of movement are made with instru- 
ments, but more commonly position and speed are 
predicted by quick “natural” judgment on the 
part of a man. The anti-aircraft gunner, for 
e.xample, predicts and compensates for the speed 
of an approaching, low flying plane by “leading 
the target.” 

Observation of movement is difficult when there 
is a narrowly restricted background such as occurs 
when observations are made by searchlight il- 
lumination or through a telescope. The difficulty 
arises because we normally judge the motion of 
objects by reference to stationary objects in the 
background. The worst condition of observation 
occurs when the background is obscured, as it is 
on a dark night or a foggy day. 

Speeds which are too low (less than 3 min. per 
sec.) or too high (more than 45° per sec.) cannot be 
observed by the stationary eye. It is only in the 
middle range between these extremes that judg- 
ments are reasonably good. These figures em- 
phasize the importance of distance between the 
observer and the object by calling attention to 
the visual angle of movement. A plane, flying at 
300 miles an hour is at best a blur to an observer 
at a distance of 100 j-ards. However, a plane 
moving at this speed can easily be observed at a 
distance of a mile. This factor undoubtedly con- 
tributes to the groat surprise advantage of low 
flying planes. 

Sometimes the eyes of the obserr-cr remain 
stationary while an image of the object moves 
across the two eyes, hlore often the observer fol- 
lows the object with his eyes and keeps the image 
centered within the region of clearest I'ision. In 
the latter case, judgments of motion are based on 
an appreciation of the relative motion of objects 
plus a perception of ej-o and head movements. 



122 


FEDERATION PROCEEDINGS 


Fatigue, alcohol, low oxygen, and unbalanced 
eye muscles are among the common hindrances to 
coordinated pursuit of an object by the two eyes. 

It is certain that we have no special sense for 
perceiving speed and direction. Instead we must 
use our eyes and muscles in an appropriate way 
and learn to put together the messages which 
result from this behavior. This skill is uncon- 
sciously developed in different degrees by different 
individuals. It is so specific that a person who is 
good at following a moving target may be poor at 
estimating the speed of his own vehicle. 

Under certain conditions, “illusions” of motion 
can be obtained from stationary objects, e.g., 
moving pictures. Certain types of “animated” 
electric sign also provide this effect. If light from 
one bulb in the sign goes on and off rapidly and is 
allowed within a short period of time by light in 
fanother, the resulting perception is one of move- 
ment, that is, the observer sees movement from 
the first bulb to the second. This effect is the phi 
phenomenon of the psychologist. If enough bulbs 
are provided, a complex scene may be “animated” 
by this method. 


Another illusion of movement, important to the 
soldier, is encountered in “tracer cutback," 
When an anti-aircraft machine gunner fires at a 
moving airplane, his tracer stream seems to bent 
more and more as it gets closer and closer to the 
plane. In effect it develops a “shoulder” away 
from the plane or a “hook” toward the plane. 
There is some physical basis for this marked effect, 
‘since it can be shown that the apparent tracer 
stream lies along a slight curve. However, the 
curved appearance is greatly exaggerated and 
cannot be accounted for on a strictly physical 
basis. It is probable that movement effects pro- 
vide the illusory accentuation of path curvature. 
“Tracer cutback” causes considerable difficulty 
for inexperienced gunners and it may seriously 
reduce the accuracy of fire. 

No general rule can be given for the improve- 
ment of conditions for the observation of move- 
ment. Each particular situation must be analyzed 
for itself and many of these situations are so 
important that careful analyses are needed. The 
observer should be thoroughly trained in the par- 
ticular kind of judgment which is required, and 
experienced and apt men should be used wherever 
possible. 


REFERENCES 


(1) Ballard, S. S. Optical problems facing the 
Navy. J. Opt. Soc. Am. 32: 123, 1942. (2) Bohing, 
B. G., H. S. Langfeld and H. P. Weld. Psy- 
chology. 1935, New York, Wiley and Sons, 555 -f 
xviii. (3) Gleichen, A. The theory of modern 
optical instruments (transl. by H. H. Ensley and 
W. Swaine). 1918, London: His Majesty’s Station- 


ery Office, xii ■+• 376. (4) Ghamont, A. de. La 
tdldmdtrie monostatique. Mem. Sci. phys. 2: 
1, 1928. (5) Judge, A. W. Stereoscopic photog- 
raphy. 1935, London: Chapman and Hall, Ltd., 
xi -f 340. (6) Southall, J. P. C. Introduction to 

physiological optics. New York, Oxford Univ. 
Press, 426 -P x. 


THE EFFECT OF ANOXIA ON SENSE ORGANS 


E. GELLHORNi and H. HAILMAN 

Department of Physiology , College of Medicine, University of Illinois, Chicago 


Early observations made during expeditions to 
high altitudes called attention to the effect of Ioav- 
ered barometric pressure on mental activity and 
sensorj’- function. They were the starting point of 
quantitive experiments performed either at high 
altitude, in the low pressure chamber, or in experi- 
ments involving the inhalation of o.xygen-nitrogen 
mixtures. Since no essential differences resulted 
when the effect of a lowered barometric pressure 
was compared with that of a reduction in oxygen 
tension at normal barometrie pressure (1) the re- 

1 Aided by a grant from the Josiah Macy Foun- 
dation. 


s seemed to be due to the lowering of the 
gen tension only. 

he greater part of the work has been performc 
)ptical functions. It has been shown that t ic 
!shold for light is raised under conditions o 
t and dark adaptation (2-6) . In these, as no 

a other investigations, thecffcct increases ni * 

re.asing oxygen tension in the inhaled air. is 
thy of note that a measurable dimumtion m 
sitivity is noticeable when 
ed to a simulated altitude of only ‘ ^ ' 

(Farland and Evans.) The threshold for drs- 
aination of light intensities increases also 
5) . Experiments on visual acuity s on a 
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cisivc loss of this function under conditions in 
which discrimination of visual intensities is in- 
volved (9). More recent studies of McFarland and 
Halperin (10) emphasize, however, that the effect 
on visual acuity is a function of the light intensity 
used iir the experiments. They find that at low in- 
tensities the visual acuity is greatly decreased 
under conditions of anoxia whereas at high inten- 
sities the effect is slight. The study of visual 
after-images reveals decisive changes on inhala- 
tion of oxygen-nitrogen gas mixtures (11) as well 
as in the low pressure chamber (12). The Intent 
period of negative after-images increases, their 
intensity becomes apparently greatly diminished 
and in some instances they may be suppressed 
completely. All effects are reversible on inhalation 
of air. 

The effect of anoxia on the peripheral field is 
somewhat controversial. Whereas some authors 
(13, 14) believe to have shown a decrease in the 
visual field in anoxia, others (15) attribute these 
changes not to an impairment in visual function 
but to a weakness of attention. The central field 
of vision appears to be altered by an enlargement 
of angioscotomata (16). It is probable that these 
changes are only in part due to alterations in the 
size of the retinal blood vessels (Cusiok, Benson 
and Boothby, 17) and reflect largely alterations in 
the functions of the ganglia of the retina (Evans 
and McFarland, 16). Widening of the blind spot 
has also been observed in anoxia (13). Investiga- 
tions on color vision in the low pressure chamber 
seem to indicate that tliis function is likewise 
diminished. Velhagen (18) reports a diminution in 
color sensitivity at a simulated altitude of as little 
as 3000 m. Schmidt (19) confirms these results but 
emphasizes in contrast to Velhagen that the differ- 
ent types of color blindness, although aggravated, 
persist in anoxia and cannot be transformed by 
anoxia into another type. 

It is of interest to note that on rccompression 
visual functions may be increased temporarily 
above the normal level. Schubert (7) states that 
rccompression is accompanied by photisms and an 
increased sensitivity to intensity discrimination. 
It is worthy of note that on rccompression to 5000 
m, the visual discrimination of intensities may be 
better than normal when this altitude is reached 
from 7000 m, althbugh it is decidedly subnormal 
when this level is reached on decompression. 
Anoxia lowers the critical fusion frequency 
(C.F.P.) for both direct and indirect vision 
(Seitz, 20). 

The sensory precoptions involved in the per- 
formance of active movements are likewise im- 
paired. McFarland, Knchr and Borons (21) show a 
diminished degree of coordination of reading 
movements in anoxia. Kostitsch (22) describes ex- 
periments in which the subject performs two 


similar movements with a Mosso ergograph. He 
observes that the movements become increasingly 
dissimilar at a simulated altitude of 6000 m, or at 
6000 m in the case of altitude-resistant individuals. 
Since these movements are performed with great 
accuracy even against varying loads and with 
anesthetized fingers (Do Rochemont, 23) prob- 
ably Golgi-Mazzoni corpuscles in the connective 
tissues surrounding the muscles play an important 
part (von Frey, 24). 

No detailed investigations have been reported 
on the influence of anoxia on vestibular sensations, 
although Ruff and Strughold (25) mention that 
they likewise decline in sensitivity. Gcllhorn and 
Spiesman (26) show that vestibular reflexes in 
men measured by the number of nystagmic move- 
ments following caloric stimulation are altered to 
a lesser degree than sensory functions such as 
hearing and vision. They find that inhalation of 
10 per cent oxygen from 7 to 60 minutes causes a 
decrease in the nystagmic response only in some 
of their subjects. 

No quantitive investigations on the effect of 
anoxia on taste and smell have been published al- 
though Hingston (27) reports a diminution of taste 
sensations and inability to taste onions and pep- 
permint at an altitude of 16,600 feet, 

Gellhorn and Spiesman (28) find the hearing 
threshold to rise when 9 to 12 per cent oxygon was 
inhaled for 8 to 30 minutes. A slight improvement 
in hearing is observed temporarily when 12 to 15 
per cent oxygen is used. Lowering of the baro- 
metric pressure causes the upper limit of hearing 
to decrease by 1100 to 4900 vibrations per second 
(Hartman, 29). No effects of anoxia are seen up 
to a simulated altitude of 4000 m. These values 
have been obtained by using bone conduction in 
order to eliminate the effect of lowered barometric 
pressure on the middle ear. When pure oxygen is 
inhaled at low'cred barometric pressures the upper 
limit of hearing remains unchanged. 

Reduction in barometric pressure diminishes the 
sensitivity of the pressure receptors in the skin. 
This phenomenon has been observed above 7000 m 
during the Himalaya expedition on acclimated 
persons by Hartmann (30) whereas Strughold (31) 
notes a similar increase in the threshold at 6500 m 
in the low-pressure chamber. 

Although it is obvious from these data that 
sensory functions decline in ano.xia, the question 
as to whether this is due to a diminution in the 
function of the sensory structures involved or 
secondary to changes in attention and cooperation 
has not been studied adequately. Kyriolcis and 
Siegert (15) explain the fact that in their investi- 
gations no changes of the peripheral visual field 
occur in the low-pressure chamber by their method 
through which they exclude as much as possible 
the factor of fatigue. They are inclined to interpret 
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the positive data of earliei' investigators by 
"Aufmerksamkeitsschwache.” However, it is to 
be remembered that a decrease in various sensory 
functions has been observed at relativelj' low alti- 
tudes with trained observers which makes such an 
interpretation unlikelj'. Moreover, the simultane- 
ous studj'^ of critical fusion frequency (C.F.F.) 
and brain potentials (electroencephalogram, 
E.E.G.) demonstrates parallel changes in subjec- 
tive (C.F.F.) and objective (E.E.G.) phenomena 
during anoxia (36) (fig. 1). If, due to unusual 


visual S 3 'stem because the retina is composed of a 
complex set of ganglion cells whose metabolism is 
not essentially different from that found in other 
parts of the central nervous sj'stem. This is il- 
lustrated by the fact that hj'pogh'cemia and 
anoxia act sjmergisticallj’ on the visual threshold 
of the dark adapted e 3 ’e (32) and on the electro- 
encephalogram (33). 

Ano.xia could act on this S 3 'stem in one or more of 
three wa 3 's b 3 ' affecting 1 , photochemical processes 
in the retina; 2, retinal s 3 'napses, and 3, the genic- 
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resistance to anoxia no changes in C.F.F. occur 
during the inhalation of 7.8 to 8.4 per cent ox 3 ’-gen 
the appearance of the E.E.G. as well as the re- 
activity of the alpha waves to light remains un- 
changed. 

The fact that cutaneous and proprioceptive sen- 
sations ma 3 '^ be impaired in ano.xia although the 
sense organs involved will not be injured b 3 " rela- 
tively long periods of depletion of their blood 
supply proves that in this case the effect of ano.xia 
must be central rather than peripheral. The situa- 
tion is somewhat different with regard to the 


ilate-striate S 3 'stem. The rapid rccover 3 ' of t ic 
ight sensitivity of the dark adapted eye following 
■eadmission of air seems to indicate that t ic c ec 
)f o.x 3 ’gcn deprivation on visual function is c.x ra 
)hotochemical (4, 5). Craik’s (34) demons ' 
bat local pressure, while rendering t le 03 e i 1 
ioes not prevent the formation of a 
rhen the pressure is removed also „ 

inoxia acts on the retinal neurons ant no 
)hotochemical system. More direct cm c 
he role of the retinal neurons in , 

n the work of Seitz (20) and Se.tz and Rosenthal 
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(35). These authors shorv that local application 
of strychnine to one eye counteracts the effects 
of anoxia without interfering with the action of 
anoxia on the other eye. Thus they observe that 
the strychnine treated eye regains a normal C.F.F. 
and normal angioscotom.ata during anoxia whereas 
the untre.ated eye shows the characteristic fall in 
C.F.F. and an enlargement in the size of the angio- 
scotomata. These investigations suggest that the 
retinal synapses are more sensitive to anoxia than 
are those located in the geniculo-atriate system. 
It should, however, be remembered that the final 
sensation and perception is certainly greatly in- 
fluenced by the reactivity of cortical neurons. 

Simultaneous recordings (36) of C.F.F. and 
E.E.G. (fig. 1) illustrate the interaction of pe- 
ripheral and central factors. It is found that with 
the beginning of the fall in the C.F.F. during the 
early stages of ano.xia as illustrated in record B 
there is a diminution of the effect of vision on the 
alpha waves before any change in the E.E.G. is 
noticeable. In the middle of the period of object 
fixation a series of alpha waves of unchanged 
amplitude appears which are absent at this period 
in records A and D taken before and after the 
anoxia respectively. This record also shows that 
the E.E.G. is still normal; later most of the alpha 
waves were replaced by delta waves (cf. part C 
of the E.E.G.). 

These data suggest that anoxia impairs visual 
processes through interference with the transmis- 
sion of nervous impulses from the retina to the 
brain as well as through alterations in cortical 
functions. 

Further advance in the understanding of retino- 
cortical relations under conditions of anoxia is to 


be expected from simultaneous recordings of 
retino- and electroencephalograms.® 

The effects of anoxia on sensory functions are 
minimized through respiratory, circulatory and 
ncuro-endoorine adjustment reactions (38). Ac- 
climated persons show lesser changes in pulse 
rate and sensory function under conditions of 
reduced oxygen tension (30). Autonomic reactions 
leading to pupillary dilatation (39) and retraction 
of the nictitating membrane (40) tend to offset the 
effects of anoxia on vision. However, the effects 
on circulation and respiration are of far greater 
importance as illustrated by the fact that inhala- 
tion of 3 per cent carbon dioxide may offset the 
effects of 8 per cent oxygen on visual intensity 
discrimination (41). 

In this connection the fact that retinal and 
cerebral circulation follow similar rules is of 
interest (42). 

Summary. Lowering of the o.xygen tension im- 
pairs the function of the sense organs, the critical 
level being dependent on the degree of acclimatiza- 
tion. Anoxia acts largely through its effect on the 
synaptic nervous system of retina and brain. The 
parallelism between subjective (sensory) changes 
and alterations in brain potentials indicates that 
the former are based on functional changes of the 
retino-geniculate-striate system. In the case of 
non-visual functions such as perception of pres- 
sure and movements anoxia is believed to act on 
the central nervous system only, particularly on 
the cortex since subcortical reflexes are less sensi- 
tive to anoxia than are sensory functions. 


® Riggs (37) has described a method for obtain- 
ing a retinogram in man. 
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Fig. 1. Effect of inhalation of 8.4 to 7.8 per cent 
o.\}’’gon (between the arrows) on pulse rate (-— ), 
critical fusion frequency, ( ) and electro- 

encephalogram. The E.E.G. records marked A, B, 
C and D were taken at the time indicated by these 
letters on the graph. Between the arrows marked 
on the E.E.G. the subject opened the eyes and 
fixated an object. 


VISION, HEARING AND AERONAUTICAL DESIGN^ 
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University 


It is principally through the sense of vision that 
pilots are aware of the nature of terrains, weather 
conditions, the terrestrial orientation of their 
aircraft, and the position and movements of enemy 
planes. Even so-called “blind flying’’ is primarily 
a visual function. Here the “contact” is trans- 
ferred from the horizon and ground objects to the 
special instruments upon the panel. Hearing like- 
wise is of critical importance to military fl 3 mrs 
in that command information and assistance from 
ground control stations must be audible over the 
communication sjmtera. Also intercommunication 
systems within aircraft must function as the prin- 
cipal means of maintaining prompt and coordi- 
nated action of members of air crews in carrying 
out military missions effectively. Those facts are 
generally known and accepted by plane designers. 
However, engineering success in providing for 
ease of seeing and ease of hearing is quite variable, 
and these basic pilot requirements merit our con- 
tinued attention. 

Take for example the almost complete blanking 
off from vision of an area directly ahead of the 
pilot when a plane changes its normal flight at- 
titude to a landing attitude. This is particularly 
vicious in the case of fighter aircraft with large 
air-cooled engines in the nose of the ship; and the 
condition has resulted in a great number of avoid- 
able landing, taxiing, and take-off accidents. Air- 
craft carrier accidents have undoubtedly resulted 
from this blanked off area, in spite of the fact 


‘ Presented at the Eleventh Annual Meeting, In- 
stitute of the Aeronautical Sciences, January, 1943. 
Reprinted from the Journal of the Aeronautical 
Sciences, volume 10, number 4, April, 1943. 


that a landing signal officer is supposed to direct 
the landing properly. Mirror reflections of the 
area immediately ahead of the plane could be 
provided. Tricycle landing gear on some few air- 
ciaft have done much to benefit this blindness 
due to radical change in plane attitude. 

Engineers are no doubt aware of the desirabil- 
ity of placing pilots, observers and gunners as 
near as possible to the transparent panels througli 
which they must get their visual impressions. 
The nearer the eye is to the window, the larger 
the visual field that can be seen through it, or 
for a given angular field, the smaller the window 
needed. The ordinary spectacle lens IJ inches in 
diameter gives the wearer an uninterrupted view 

of almost 90°. Close proximity to airplane windows 

also makes for clear visual fields : (1) it is easier 
to provide the requisite transparent area free 
from obstructing pillars, panel joints, and opaque 
accessories; (2) marks, specks, and scratches on 
the window surfaces are less bothersome because 
they are out of focus, and (3) when near the 
window, the observer's head makes an area of 
shadow which is helpful, particularly at night, 
since it blocks off reflections from the inner 
surface. 

The gunner’s visual problem. The position 
of gunners in relation to windows is especial!} 
worthy of consideration. We may take a hypo- 
thetical set of measurements for discussion. The 
gunner’s eye must be about 9 inches behind t ic 
gun sight; the sight is 20 inches from the ainiinf, 
panel ; the gunner’s seat is therefore placed against 
the back wall of the turret, and the space in fron 
of him is well filled with gun supporting and 
operating structures. The aiming panel is a bcauti 
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fully clear, optically perfect surface 14 x 14 inches. 
The engineers arc to be congratulated on this 
window, but not on the position of the gunner. 
For him the situation resembles that met in tunnel 
\dsion. His eyes are 29 inches away from this 
superb window wliich can provide him with a view 
of only 2S°, that is 28° of the full 60" to 90" that 
are so critically needed. 

The aiming panel must of course be well 
mounted, and this calls for a rather heavy metal 
frame. Sometimes it is as much as 2 inches wide. 
Other small, usually curved windows border the 
aiming panel, and each of these must have or 
share a frame with adjoining windows or wall 
structures. When the guns are in front of the gun- 
ner, sections of the mounting structure, brackets, 
electric.al switches, etc., frequently have locations 
which obscure portions of the windows from the 
gunner’s eyes. The total effect is a lattice window 
with the lattice predominating over the clear 
space in some instances. From the gunner’s mew 
through a particular panel, a total of only 25 
per cent is unobstructed to binocular vision; 53 
per cent is totally obstructed; 22 per cent is ob- 
structed for one eye. Juliet could manage to get 
an eye full of Romeo through a lattice window, but 
our gunner is not oast in the role of a shy lover. 
For him the irregular lattice is a hazard to vision 
and life. It is true enough that through the lattice 
he can see a lot of landscape as he looks from one 
opening to another. What he needs to see, how- 
ever, is moving planes. When his eyes catch sight 
of one, they try to follow it. This is done by a 
special kind of coordination in the action of eye 
muscles and is known as pursuit eye movement. 
The eye activelj^ glides along at a rate set b 5 ' the 
visual target and appropriate to keep it in clearest 
possible view on the fovea. Visibility of the moving 
target is essential for this type of seeing. Whenever 
the moving target momentarily disappears, as 
happens when it passes behind opaque lattice 
areas, the pursuit movement is immediately 
stopped. The eye jumps to the far edge of the ob- 
struction and waits. When the target emerges, a 
new pursuit movement must be organized by the 
nervous system. This necessarily costs an average 
delay of .15 of a precious second before clear pur- 
suit vision can be reestablished. The gunner is of 
course not completely blind during this interval, 
but his visual efficiency on the moving target is 
hampered by every opaque gap across which he is 
compelled to operate. 

In tm-rets where the guns may be mounted at 
the sides and rather low down, it should be possible 
to reduce the amount of structure in front of the 
gunner and to bring liim forward much nearer the 
front panel. This will increase Ms angle of unin- 
terrupted view, make visual pursuit of his targets 


easier, and reduce the blinding effect from the 
flashes of his own guns. 

Vision inside the cockpit. Inside the cockpit 
we usually observe a confusing multiplicity of 
instruments and the lack of a suitable grouping of 
essential fljdng instruments according to a well 
planned pattern for visual perception. For pur- 
poses of night flying where visual function is 
largely dependent upon maintenance of dark- 
adaptation of the eye, instrument panels in general 
are subject to the following serious faults: 

1. There is too large an illuminated area. Instru- 
ments which are referred to infrequently are con- 
stantlj' illuminated. 

2. The color of the transmitter or reflected light 
from these instruments is usually not of the 
spectral band least disturbing to night vision, and 

3. Intensity as well as total area of illumination 
is considerably too Mgh. This is usually a criticism 
equally applicable to direct or indirect lighting, 
radio-luminous, or fluorescent marked instru- 
ments. The only light which can be controlled 
easily both as to spectral character and brightness 
level is indirect red light. The use of a spectral red 
whose transmission band lies in the region of 600 
millimicrons is recommended for instrument 
lighting. The intensity of such light may be per- 
mitted to v'ary considerably without adverse effect 
upon night vision. 

Transparent cockpit enclosures, although of 
fairly clear optical plastic, discolor with exposure 
to sunlight; some of them become finely checked 
due to temperature changes and vibration. 
Nearly all of them are capable of being scratched 
too easily, and the result is interference with 
vision. iMeasurements of visibility through plastic 
windows, compared with bullet-proof glass and 
with open cockpit view, show that the glass pro- 
duces a slight loss and that the loss from the 
plastic may be 5 or 6 times as much. Flat panes 
consistently provide better visibility than do 
curved plastic surfaces, but thej' may also give 
an increased drag. A compromise must be made 
between visibility and aerodynamic considera- 
tions. Rapid strides in development of better 
plastics are'being made, and it should be possible 
soon to mold transparent cockpit enclosures of 
better grades of optical plastics in one piece. 
Surface hardening of such molded parts is desir- 
able. Close attention should be given to reducing 
inside reflections which are particularly trouble- 
some from concave surfaces. 

In military aircraft we often find that vision for- 
ward and to either side is fairly well provided for 
but that even though the pilot may have the usual 
well developed rubber neck, he is handicapped by 
certain design features of Ms plane in seeing what 
may be above or aft. It is often forgotten that in 
actual combat pilots refuse to leave the “green- 
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house” closed tincl must therefore use goggles. 
Any fixed aperture made available for the pilot’s 
face should not be too small to permit use by a 
bespectacled or goggled aviator. 

Airsickness and vision. Airsickness of pas- 
sengers and crew may result from unavoidable 
motion stimulation of the vestibular mechanism 
of the ear, from rapidly changing gravitational 
forces acting on viscera, muscles, and joints, and 
from apprehension and past unhappy memories of 
plane travel. All of these upsetting stimuli are as a 
rule less disturbing if those affected can see out 
and establish visual contact with the horizon, with 
cloud formations, and with the ground scene 
below. We should remember the old instructions 
to novices in flying, “Never look at the up wing; 
watch the down wing.” Man}’’ troop-carrying 
glider craft afford virtually no opportunity to 
look out and establish visual contact be 3 'ond the 
plane. To arrive at the scene of battle with a load 
of thoroughly ill troops contributes nothing to 
fighting morale and effectiveness. A part of the 
answer to this difficulty is — don’t require pas- 
sengers and crew to fly blind. 

Hearing suffers more than sight. The cars 
more than the eyes are subjected to environ- 
mental stress through flying. It seems to be true 
of modern aviation that every time the engineers 
increase the power and speed of our airplanes, the 
ears of the pilots take a greater beating. Although 
the ear is a magnificent little mechanism — the 
most intricate mechanical structure in the human 
body — it is a rather delicate device and one which 
seems ill designed for modern war. But the ear 
has gone to war, along with the rest of the soldier, 
and we are compelled to admire the service it 
renders in the face of acoustic stress. 

Airplanes have always been noisy, and they 
are becoming noisier. A thousand horsepower fed 
into a propellor is able to agitate the atmosphere 
in a thunderous manner, and when the engine 
delivers two thousand horsepower the din is 
doubled, or actually more than doubled, because 
as the tip speed of the propellor increases a larger 
proportion of its driving energj' is converted into 
sound. When this energy pounds on the ear, it is 
striking a mechanism so sensitive that less than 
one quintillionth of a horsepower is needed to pro- 
duce a faint sensation of hearing. In addition, 
more horsepower means more speed and hence 
more turbulence about the ship. It is this turbu- 
lence of the slip stream over the wings and about 
the fuselage that produces the distressing, high- 
frequency random noises which sound like a 
mighty “shhhhhh.” In some respects the noise 
from the turbulence about the plane is more of a 
problem than is the noise from the propellor it- 
self. This is demonstrated in planes which do not 
have propellors. Contrary to popular notions, the 


interior of a glider plane moving at about 150 miles 
per hour is a very noisy place. The noise level is 
about 115 decibels, and conversation in such a 
place is difficult, if not impossible. 

In anj' really fast moving vehicle the noise is 
random, that is to say, all frequencies of the 
spectrum are present. When we listen on the 
ground to a plane high overhead we hear only the 
low frequencies of the propellor. But inside the 
plane it is different; there we hear all frequencies 
added together at once, producing a noise which 
is to sound what white light is to light. And as a 
general rule, the greater the speed, the “whiter” 
the noise. Also as a general rule, the whiter the 
noise, the more objectionable it is to the ear. White 
noise is objectionable for three reasons: (1) it is 
disagreeable, (2) it produces temporary^ deafness, 
and (3) it spoils communications. 

That white noise is annoying needs little argu- 
ment. No one has been found who really enjoys it. 
It is true, however, that our attempts to prove 
that long e.xposure to intense airplane noise is 
damaging to human efficiencj’’ have produced es- 
sentially negative results. When adequately moti- 
vated, a man can code a message, add columns of 
figures, coordinate his movements, react to a 
signal, etc., about as well after 8 hours in a noise 
of 115 decibels as after "a similar period in the 
quiet. Despite this remarkable e.xperimental re- 
sult, our subjects all report that they find the 
noise unpleasant, and they are happy when it is 
turned off. 

Temporary deafness. That airplane noise pro- 
duces deafness is a well known fact. In normal 
ears this deafness shows two characteristics; it is 
restricted more or less to the high frequencies, 

and fortunately, it is usually temporary. After S 

hours in an airplane noise, of 115 decibels, the 
normal ear shows a hearing loss of about 40 deci- 
bels in the region of 4000 cycles. It has sometimes 
been supposed that low-frequency airplane noise 
produces high-frequency hearing loss. On the con- 
trary, it is the high-frequency components 
noise that produce the high-frequency loss. T 'e 
ear, for some unknown reason, is more viilncia c 
at these high frequencies. . , 

Recoverj'’ from a 40-decibel hearing loss usua > 
occurs in about 24 hours. The recovery is rapi 
first and then proceeds more slowly. About la 
of the loss is regained by a normal ear in the us 
3 hours after e.xposure. Some ears apparent y 
not have this pow’er of recovery, and repeatc ex 
posure to noise leaves them permanently dea cnc 
Although we usually blame the noise for s''^ 
deafness, there is a question as to whet icr 
ear itself is not the real culprit. At an 3 ' rate, 
ears appear to develop high-frcquenc 3 ’' oa n 
without excessive exposure to intense 

Improve.ment of co.mmunications. >0 
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importnnt practical effect of airplane noise is the 
masking of communications. Not only is conversa- 
tion impossible in some planes, but even over radio 
and interphone speech signals are often masked 
beyond recognition. Articulation tests have shown 
that with much of our standard military inter- 
phone equipment a listener is able to understand 
only about 50 per cent of the words spoken in the 
presence of an airplane noise of 120 decibels. Over 
the same interphones more than 95 per cent of the 
words arc understood when there is no ambient 
noise present to interfere with the speech. 

The difficulty of communicating under the 
handicap of airplane noise calls for vigorous 
remedies. Constructive measures can be applied 
in three general directions. 

Firat, the plane can be quieted to some e.vtent, 
either by improved aeronautical design or by the 
application of sound .absorbent materials. Acoustic 
treatment that is light enough to be tolerated in 
a plane does not appreciablj' reduce the overall 
noise level. It does, however, change the spectrum 
of the noise by reducing the intensity of the high- 
frequency components. Hence, the noise in an 
acoustically treated plane is less “white” and 
therefore less bothersome than the noise in an 
untreated plane. Testa have shown that, for the 
same overall sound intensity, conversation person- 
to-person is relatively easy in a treated plane but 
quite impossible in an untreated one. 

The second remedy calls for an improvement in 
the response characteristics of the communication 
equipment itself, especially of the microphones 
and earphones. A loud noise does not interfere 
with intelligibility nearly so much when instru- 
ments of high fidelity are used. But with micro- 
phones that have non-linear distortion and with 
earphones that at some frequencies are sharply 
resonant, the effect of an airplane noise of 120 
decibels is to reduce the intelligibility of speech 
by 30 to 40 per cent. High-fidelity equipment is 
not yet being widely used in airplanes, although a 
few major improvements are now in process. Com- 
plete overall high fidelity from microphone to 
earphone must be achieved if speech is to be trans- 
mitted to and from our most modern airplanes. 

The third remedy called for by the noise prob- 
lem is the shielding of the microphone and the 
earphones from the noise. The oxygen mask could 
be so designed as to shield the microphone from 
the ambient racket, but many otherwise excellent 


masks suffer from acoustic defects. This problem 
is now under study, and improved noise shields for 
hand-held microphones are being developed. The 
earphones and the ear of the listener can be 
shielded from the airplane noise by means of an 
acoustic socket designed to provide a tight seal 
against the side of the head. In present militar}' 
equipment this provision has been neglected, but 
improved devices arc now in production. Some 
of these car protectors serve to reduce the un- 
wanted sound in the aviator’s ear by 20 to 50 
decibels. 

CoKCLUsioxs. In general, it can be said that the 
problems raised by intense ambient noise are 
serious but not insoluble. Judicious use of sound 
treatment in the plane, conversion to high-fidelity 
microphones and earphones, and the development 
of acoustic devices to shield the mouth and the 
ears of the personnel will permit the aviator to 
carry on in the best noises which the aeronautical 
engineers are now planning to produce. 

The flying and efficient fighting of modern 
planes is largely dependent on the special sense 
of vision. The eyes fortunately suffer no great 
decrement in function from the swift movement 
or high and changing elevation of the airplane. 
Vision is adequate to the basic task assigned to 
flying personnel. The chief difficulty is in pro- 
viding for optimal visibility through the struc- 
tures of the plane and for continuous visual check 
on the environment surrounding it in both dtiy 
and night flying. Ideal visu.al conditions are not 
wholly attainable because of aerodynamic and 
structural necessities. However, we should make 
the effort to gain all possible visual advantages. 
The .problem is a continuing one and offers im- 
portant strategic possibilities. 

Both seeing and hearing, if accompanied by 
prolonged attentive effort, especially under condi- 
tions of unfavorable plane design, are capable of 
contributing to pilot and air crew fatigue and 
loss of efficiency. It has been proved worthwhile 
to give the airplane engine an adequate combus- 
tive mixture by supercharging and to pay special 
attention to protecting the oil in the engine 
against “foaming” at high altitudes and reduced 
barometric pressures. It is proving and will prove 
worthwhile to consider the flyer’s eyes and ears 
and the rest of his very mortal body and to reduce 
in every possible way the tendency to physiologic 
and psychologic “foaming” in him. 
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BRITISH PHYSIOLOGY AND THE WAR 

SAMSON WRIGHT 
University of London 


For some years before the outbreak of War 
people in Britain could see the shadows darkening 
and the dangers approaching nearer. From 1933 
onwards a constant stream of displaced scientists 
from Nazi Germany sought sanctuary and oppor- 
tunities to continue their useful activities in 
Britain. 

The Societj' for the Protection of Science and 
Learning and the related American bodies did 
much to salvage this talent; British physiology 
was enriched and stimulated by the addition to-its 
ranks of men of the caliber of Feldberg, Ellinger, 
I&ebs and many others. Those who attended the 
last International Congress at Zurich in 1938 
must have felt the imminence of crisis. The 
opening addresses were devoted to reaffirmation 
of such elementary principles as the rights of 
the individual and the international fellowship 
of science. 

There was considerable tension at the meeting 
of physiologists who had recently been driven 
out of Germany and Austria, and those who had 
supplanted them in their posts. It was only a 
month or two before Munich and the destruction 
of Czechoslovakia. Many of us as we talked to 
our Czech colleagues had grave fears for their 
future; before long we knew what their fate was 
to be. 

With the coming of war an official policy of 
partial evacuation was decided upon and all 
persons and institutions whose services could be 
dispensed with were advised to move to safer 
areas. Acting on these instructions the University 
of London had arranged to move all its constituent 
schools, including of course its Medical Schools 
like University College, Guy’s, St. Thomas’, 
St. Bartholomew’s, St. Mary’s, the London Hos- 
pital and the London School of Medicine for 
Women. 

These schools are responsible for the training of 
nearly as many students as all the English pro- 
vincial medical schools taken together. Each 
School was left to make its own arrangements to 
transfer to an appropriate center outside London. 
In view of subsequent events it is rather ironical 
to recall the evacuation areas which were chosen. 


Many of the supposed “cities of refuge” like 
Bristol, Manchester, Glasgow and Birmingham, 
were later heavily bombed and suffered as much 
or more than London itself. Some of the schools 
were more fortunate, like the London and St. 
Bartholomew’s who went to Cambridge, or Guy’s 
who organized an entirely new medical school 
for themselves in the country. 

On the outbreak of War the pre-clinical depart- 
ments of the London Medical Schools moved 
according to plan. The difficulties associated with 
evacuation at that time can be well imagined. 
Tn-o important research centers became immediate 
and complete casualties. A. V. Hill found himself 
with his laboratory of nerve-muscle physiology 
closed, his apparatus removed and his staff com- 
pletely dispersed. The many American physiolo- 
gists who have enjoyed Hill’s hospitality and have 
had the advantage of his direction in research will 
deeply regret that circumstances have dealt so 
hardly with this famous laboratory. 

Fortunately Hill’s colleagues— Parkinson, 
Downing, Katz and Schmitt — have all been 
directly harnessed to the war effort. Hill is very 
modest in describing his own present activities; 
he says “I am myself employed wholly on work 
which I would not be doing if it were not for the 
war.” Americans will, however, recall the period 
he spent in Washington as Air Attache, and no 
doubt know that he is an influential Member of 
Parliament who is doing much in the highest quar- 
ters to encourage the fullest use of British scien- 
tific personnel. 

The other laboratory to disappear was that of 
John Beattie at the Royal College of Surgeons, 
where normally a wide variety of problems are 
vigorously tackled. He began the war with a staff 
of 15 whole or part-time researchers; within four 
weeks they were all in the Army, Navy, Air Force, 
or Women’s Au.xiliary Services, including Beattie 
himself who became Colonel, Auxiliary Medic.al 
Service. 

The laboratory had collaborated in the organi- 
zation of the Army Blood Transfusion Services 
and now organized itself as an overseas research 
unit — stationed in France — for the investigation 
131 




132 


FEDERATION PROCEEDINGS 


of shock. All the equipment was lost during the 
withdrawal of the B.E.F. in June 1940. O’Shaugh- 
nessy was killed on the beaches at Dunkirk. 
Beattie on his return was seconded temporarily 
from the Army and was soon at work again till a 
heavy bomb damaged his laboratories in October 
1940. This led to a second short suspension of 
activity but partly with the help of the Rockefeller 
Foundation new laboratories were equipped and 
opened in March 1941 in the country. 

To return again to the evacuated London schools 
in their new homes. The hosts everywhere were 
most helpful and considerate, but of course diffi- 
culties were numerous. To cap everything, Britain 
was not bombed seriously and by Christmas 1939 
many of the evacuees began to feel that they would 
be more comfortable and just as safe at home. 
Steadily they began to drift back or planned to 
do so at an early date. The Women’s School 
that had gone to Aberdeen regarded itself as 
particularly unfortunate in having chosen one 
of the very few places where small-scale raids were 
at that time not uncommon. The medical schools 
outside London were at this time working quite 
normally apart from the complications produced 
by their guests. 

No sooner had Britain settled down comfortably 
to the “sitzkrieg,” than France fell, the Battle of 
Britain was fought and won and the bombing of 
London, which was to continue for many months, 
began. You have received full accounts of the 
heavy loss of life and limb and the serious damage 
'o property that resulted; but it is more difficult 
■ i"’e how readily the work of a great city 
, le disorganized by more trivial disturbances. 

me transport problem of London is always a 
difficult one; the raids did not help it. On arrival 
at the laboratory there might be no water supply, 
no gas pressure, little electricity, and the windows 
blasted with no protection from wind and rain. 
Attempts at day-time work were often interrupted 
by “alerts” which necessitated taking shelter. 
The night raids were very noisy, lasted through 
the best part of the hours of darkness and were not 
conducive to study or reflection. All these consid- 
erations influenced the London Schools that had 
returned to move out once more. 

The different hospital and medical school build- 
ings in London suffered to a variable extent. The 
Physiological Department of St. Bartholomew’s 
was destroyed by fire, together with all its research 
equipment; St. Thomas’, University College and 
Guy’s were badly damaged and other places suf- 
fered to a lesser degree. St. Mary’s alone remained 
in London carrying on with great fortitude 
throughout the blitz, and fortunately escaping 
injury from high explosive. 

The experience of University College and 

St. Thomas’ has provided lessons on how to 


equip an emergency medical school in a hurry .- 
The recipe is as follows: “take a large girl’s 
school in the country, turn the main building 
into a residential hostel, convert the kitchens 
into biochemical and histology rooms and 
turn the stables into experimental labora- 
tories (this is very important); a few old 
Army huts then serve for Anatomy and other 
purposes.” Following these directions you 
should be ready to start work in 1 to 3 
months. 

When the raids spread to the provinces, Bristol, 
Liverpool, Manchester, Sheffield and Glasgow 
suffered considerably, but fortunately the at- 
tacks on any of these centers were far fewer in 
number. 

The first war duty of the physiological depart- 
ments was to maintain their teaching services for 
students. The mistakes made in the last war 
were recognized and the formal decision was taken 
that the output of doctors must be maintained to 
meet the enormous demands of the Services for 
medical personnel. The departments, in spite of 
much depleted scientific and technical staffs have 
carried out their teaching work successfully and 
the numbers of medical students have been well 
maintained. 

In one large school the professor and senior 
demonstrator alone carried through a 46 weeks’ 
teaching course in the first 52 weeks of the war; 
in another school an evacuated professor together 
with one steward was responsible for all the 
teaching in experimental physiology, histology, 
biochemistry and pharmacology, but for one term 
only. The students have not only worked hard to 
complete their courses in the minimum time, but 
have had to devote their little leisure to compul- 
sory military training and civil defense duties; 
even text-books have often not been available in 
adequate numbers. 

Junior technicians have become increasingly 
scarce as a result of the call-up and the competi- 
tion of higher paid posts for juveniles in war indus- 
try. Supplies of animals (frogs, cats, rabbits) 
have been insufficient because of the black-out, 
the competition of the fur trade and (for rabbits) 
the food market. On one occasion the American 
Red Cross collected a large consignment of frogs 
in Chicago and had them flown to London by 
R.A.D. Ferry Command. 

But in the main all obstacles have been satis- 
factorily overcome; the combined efforts of teac i- 
ers and staff have kept up the high pre-w ar stan 
ards of medical education; and students in large 
numbers are being sent on to their clinical wor ' 
with a sound technical knowledge and a gooi 
grounding in the principles and methods of 
science. 
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About 40 physiologists are in tlic Services, 
mostly in a medical capacity, but some as com- 
batants; Ludwig of Leeds was killed in action 
flying for the R.A.F. Five are employed in the 
civil Emergency Medical Service; Tookey-Ker- 
ridge died while acting as Pathologist to an 
E.M.S. Hospital. Many more are connected with 
the Blood Transfusion Service organized jointly 
by the Medical Research Council and the Ministry 
of Health. 

It is more difficult to provide particulars of 
research activities of physiologists related directly 
to war problems. They are usually of a secret 
ch.aracter (sometimes unnecessarily so) and no 
details may be published even of the nature of 
the investigation, much less of the results ob- 
tained. It may be stated, however, that there 
are teams of whole and part-time researchers in a 
number of institutions engaged on such inquiries. 
There are a number under the direction of the 
Medical Research Council of which Sir Edward 
Mellanby is Secretary. A. N. Drury is dealing with 
the large-scale preparation of dried plasma, and 
there has been much published work on changes in 
stored blood and other matters related to blood 
transfusion for shock and hemorrhage. 

The principal teams to which reference should 
be made are at the National Institute for Medical 
Research (until last September under Sir Henry 
Dale, and since then under his successor C. R. 
Harrington); at the Research Laboratories at- 
tached to the National Hospital for Nervous 
Diseases (E. A. Carmichael), and the Royal Col- 
lege of Surgeons (John Beattie); at O.vford (E. G. 
T. Liddell), Edinburgh (I. de Burgh Daly, with 
the collaboration of members of the Polish Medi- 
cal Faculty) and University College (F. R. Winton 
and IV. H. Newton). 

Sir Joseph Barcroft is head of the Unit of Ani- 
mal Physiology of the Agricultural Research 
Council; though the unit is mainly concerned with 
long range problems connected with ruminant 
digestion, it also bears in mind opportunities for 
immediate application of results. Barcroft is also 
Chairman of the Food Investigation Board which 
is at the moment concerned chiefly with experi- 


mental work in connection with drying of goods 
for civilian and service purposes. 

Information about the activities of individual 
researchers is difficult to collect, and the details I 
can quote are undoubtedly incomplete. I have 
avoided reference to men engaged in studies of 
nutrition, animal reproduction and biochemistry 
as these I understand arc the subject of special 
surveys; but I cannot avoid the temptation of 
mentioning J. C. Drummond rvhose work as Chief 
Scientific Advisor to Britain’s Ministry of food 
has been an outstanding success. 

Lovatt Evans andllarknoss arc working for the 
War Departments; Ing at chemical defense; 
Solandt is head of a group examining the physiol- 
ogy of men in tanks; Bryan Matthews is in charge 
of an .lir Force laboratory examining the phj'siol- 
ogy of aviators with the help of Parkinson; Down- 
ing is on Air Force instruments; D, K. Hill after 
a spell as scientific advisor to the C,-in-C. of Anti- 
Aircraft Command is serving in a similar eapacitj' 
with the First Army; Andrew Huxley and W. 
Burns arc in Admiralty research parties; and there 
may be another physiologist going out as Scientific 
advisor to the Army in India. 

To complete the picture I must add that many 
physiologists hold important appointments in 
the Home Guard, in Senior Tr.aining Corps at- 
tached to the Universities and Civil Defense, and 
on various Government Advisory Committees. 
Sir Henry Dale as President of the Royal Societj’ 
is Chairman of the Scientific Committee directly 
advising the War Cabinet. 

A good deal of rcsc.arch is still taking place 
on fundamental physiological problems, as wit- 
nessed by the vahmblc papers still appearing in 
the journals, though the bulk of published work 
has fallen to nearly one-third of pre-war level. 
Nor have contributions to speculative thought 
been altogether lacking. Sir Charles Sherrington 
has crowned a unique career of experimental 
enquiry by the publication of his Gifford Lectures 
on "Man on his Nature,” which may in the opinion 
of good judges prove to be the most important 
philosophical work of the century. 
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Symposium on Physiological Fitness 


PHYSIOLOGICAL FITNESS AND PERFORMANCE — ^An Introduction 

MAURICE B. VISSCHER, Chairman 
University of Minnesota, Minneapolis 


The fitness of the human organism to perform 
various tasks is conditioned bj’^ both the environ- 
ment and the state of the organism. The problems 
involved are extremely complex. Physical and 
chemical conditions in the environment and in 
the body are of determining importance. Psycho- 
logical factors, including especially motivation, 
play a role which under many circumstances is 
more crucial than changes in physical and chemical 
conditions. Regardless of whether one agrees that 
ultimately all physiological mechanisms have their 
basis in physical and chemical phenomena there is 
no doubt that at the present time it is expedient to 
consider these mechanisms at different levels of 
analj'sis. Some of the most important psychologi- 
cal factors cannot in general be analyzed profitably 
in physical or chemical terms at our present state 
of knowledge. 

The state of the body depends upon many 
remote and immediate factors. Gross changes 
in the environment must often be considered in 
-conjunction with delicate differences in the 
ctive state if one is to analyze correctl}’’ and 
ciate reasons for differences in performance, 
a difference in motivation may mask the 


effects of large changes in other conditions which 
might alter performance in one direction or the 
other without such interference. Likewise the 
opposite situation has sometimes occurred. For 
these reasons carefully controlled studies are both 
unusually difficult and essential. 

If an excuse for this S 3 ’mposium is necessary it 
is to be had in the urgency of studies upon per- 
formance in unusual and unfavorable environ- 
mental conditions, and of studies on optimal 
conditions, both of the organism and its environ- 
ment, for industrial performance. These objectives 
are not new to applied physiology but they are 
made more important by virtue of military needs 
and the civilian problems resulting from them. 

An apologj’-, or better an e.xplanation, is due 
regarding the incompleteness of the Symposium. 
Unfortunatel 5 ’’ two prospective contributors have 
been prevented, by military duties, from complet- 
ing their accepted assignments. The remainder of 
the series of papers is being published, neverthe- 
less, because it is believed that these papers make 
a significant contribution to a clarification of 
certain aspects of the problem. 


PSYCHOLOGICAL FACTORS IN RELATION TO PERFORMANCE AND FATIGUE 

JOSEPH M. BROZEK 

The Laboratory of Physiological Hygiene, University of Minnesota, Minneapolis 


Problems of performance, particularly industrial 
performance, have a complex character. The stud 3 ’- 
of labor supply, selection of workers, work meth- 
ods, energy expenditure and health hazards 
require the participation of sociologists, psycholo- 
gists, efficiency engineers, physiologists and ph 3 ’-si- 
cians. Such interdisciplinary research leads to a 
creative S3mthesis — a science of human work. 

Unfortunately this cooperative approach is 
still rather rare in this countr 3 ^ Within the limits 
of single scientific disciplines significant work has 
been done on various aspects of human perform- 
ance. In physiology the studies reviewed by Sacks 
(31), Gemmill (11), Dill (8, 9), Behnke and Ste- 
phenson (2) and the textbooks of Schneider (33) 


and of McCurd 3 ’’ and Larson (21) illustrate im- 
portant contributions to the study of human work 
and physical exercise. The situation is less satis- 
factor 3 ’’ in the industrial field. American psy- 
chology has more contact with industrial 
problems. The Journal of Applied Psychology 
is an important research repository and tic 
Ps 3 ’'chological Corporation of New York, col a o 
rating with psychologists throughout the country, 
provides consultants and research workers or 

industr3^ (1). , , 

The cooperation of specialists from di eren 
fields is exemplified in the work of the Emplo 3 men 
Stabilization Research Institute of the Univcrsi y 
of Minnesota “in which the skills and view pom s 
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of tlio economist, the industrial engineer, the social 
worker, the medical practitioner and the psy- 
chologist were brought to bear upon the conditions 
and consequences of unemploj'mcnt” (Paterson 
and Darlcy, 25, p. 125). 

In Europe the interdisciplinary approach 
received considerable attention. In France this 
kind of research centered in Henri Laugicr and 
Bernard Lahy and was reported largely in the 
journal Lc Travail Hwnain. In Great Britain there 
is the National Institute of Industrial Psychology 
under H. J. Welch and Charles S. Meyers, and 
the Industrial Fatigue (Health) Research Board,* 
In Russia organized research was proceeding on a 
large scale with the Bechterev Institute for Brain 
Research (Leningrad), the Central Psj'chophysio- 
logical Laboratory (Leningrad), the State Scienti- 
fic Institute for Econom 5 ', Organization and 
Hygiene of Work (Moscow), and tlie Institute of 
the Ukrainian Work Commissariat at Charkov. 
In Italy there is the Laboratory of A. Gemclli 
(Milan) and the Centro degli Studi sul Lavoro 
(Turin), first under A. Gatti and later under 
Alberto Marzi. Schemes for a largo general Insti- 
tute in Rome got little bej’ond the construction 
of a handsome building owing to political in- 
trigues. In Germany the Kaiser Wilhelm Institut 
fiir Arbeitsphysiologie (Dortmund) and its journal 
have been active since the late twenties, and 
other laboratories like the Institut fiir Luftfahrt- 
medizin at Hamburg regularly apply the interdis- 
ciplinary approach. Shortly before the outbreak 
of the present war Japan announced the creation 
of an ambitious Institute for the Science of Labor. 

The purpose of this paper is to point out some 
psychological aspects of human work and the 
techniques involved in their study. The treatment 
is illustrative and limited to industrial e.xamples. 
More detailed summaries have been prepared by 
Viteles (38, 39), Jenkins (14), Moore (22) and Tiffin 
(36). Psychological factors involved in military 
performance were recently surveyed in a sym- 
posium edited by Pratt (2S). 

I. Psychosomatics. On the purely experimental 
side much interesting research on psychological 
factors in performance has been done by French 
and Russian workers and was summarized by 
Laugier and Liberson (17). 

Liberson investigated the interaction of sensory 
and motor components in voluntarj' movements. 

* This Board began work during the first World 
War. Its reports, through 1937, covered the follow- 
ing items: Hours of work and rest pauses (7 
reports), dexterity (5), accidents (4), atmospheric 
conditions (12), vision and lighting (7), vocational 
guidance and selection (10), methods of work, and 
monotony (14), posture and physique and machine 
design (5), miscellaneous, including noise and the 
menstrual cycle (6). 


The subjects wore asked to move the index finger 
as quickly as possible. In the control experiments 
this was done in the air without contacting any 
object. In the e.vporimental scries the index finger 
touched a pliable sheet of paper which did not offer 
any appreciable resistance. Under this arrange- 
ment the movement frequency was higher and 
decrement appeared later. Liberson e.xplains this 
phenomenon ns the effect of a sensorimotor 
synthesis. 

A study by M. Marchac (20) illustrates the par- 
ticipation of visual data in the control of muscular 
performance. He trained bis subjects to lift a 
weight rhythmically by means of a cord passing 
across a pulley. In the first half of each experi- 
mental period the subjects worked with open 
eyes and could visually control the length of the 
displacement. In the second half the work was 
done with closed eyes. When muscular work was 
continued for a longer time the lack of visual 
control was accompanied by work decrement 
and irregularity in performance. 

The effect of mental sot on voluntary movement 
was established in early experimental studies on 
reaction time. In 1S88 Ludwig Lange differentiated 
between a- sensorial and a muscular reaction 
according to the focus of attention: in sensorial 
reaction the attention is directed toward the 
stimulus, in muscular reaction toward the release 
of motor impulse. In Lange’s experiments with 
sound stimuli sensorial reaction was some 100 
milliseconds longer than muscular reaction. 
In later e.xperimcntal work the difference obtained 
was smaller but still persistent. R. S. Woodworth 
comments that “the muscular attitude is a single- 
minded readiness to react, while attention to the 
coming stimulus diverts a fraction of the energ}', 
the size of this fraction varying with the subject’s 
understanding of the instructions” (41, p. 308). 

In a different kind of experimental situation, 
Liberson also demonstrated the effect of mental 
set on muscular performance. Wlien the subject 
moves his index finger back and forth the ampli- 
tude and the speed differ with the “mental polari- 
zation.” There are three possibilities: either he 
conceives of his task as a simple alternation, 
as repeated flexions, or as extensions of the finger. 
The results demonstrate a significantly greater 
efficiency of the “flexion set.” Similar results were 
obtained by Liberson in other muscular move- 
ments in which there is possibility of varied 
“mental polarization": anterior and posterior 
flexion of the head, closing and opening of the eyes, 
protrusion and retraction of the tongue. Liberson 
summarized his data as follows: “These curious 
facts show that the mental control of the direction 
of a movement constitutes a fundamental limiting 
factor when our effort is directed toward a rapid 
succession of movements” (17, p. 419). 
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Physical effort produces an increase in the 
metabolic processes only partly accounted for 
by the liberation of energy needed for contraction 
of muscles which directly take part in a move- 
ment. The general augmentation of cellular me- 
tabolism seems to be a result of the diffusion of 
excitation' and requires participation of the 
higher nervous centers. Laugier and Liberson 
reported relevant experiments undertaken by 
Russian workers in which use was made of condi- 
tioned reflex and of experimental hypnosis. Olni- 
anskaya (24) demonstrated the participation of 
the central nervous system by using the first 
technique. Subjects stepped on and off a chair. 
A metronome indicated the rhythm of work and 
served as a conditioning stimulus. The daily work 
period was two minutes; after 10 consecutive 
periods the subject was exposed to the sound of 
the metronome but did not do the actual work. 
Nevertheless, the respiratory exchange did in- 
crease during the two minute period of condi- 
tioned excitation. This increase was maximal on 
the first day, decreased rapidly, and disappeared 
completely in a few days. 

Experiments on the effect of conditioning on 
the heart rate were made by Liberson and Mar- 
ques (19). For a number of months a subject 
was trained to work on a bicycle ergometer ped- 
dling without resistance for two minutes after 
which electromagnetic brakes wore applied for five 
minutes. At the end of the conditioning period 
the brakes were not applied, yet the heart rate 

P owed the typical increase during the five minute 
riod. The increase was maximal for the first 
minute and was still perceptible at the fifth min- 
ute. During the following five days the average 
of the five minute readings fell below the normal 
work level (transitional conditioned inhibition) 
and gradually returned to normal. 

Another Russian worker, Nerazowa, utilized the 
method of experimental hypnosis. When the ex- 
perimenter suggested to the subjects, who were in 
a hypnotic state and performing muscular work, 
that the work was very hard, the energetic cost 
increased 15 to 30 per cent above the normal work 
level. Even more surprising were the effects 
of the suggestion that the work was much easier 
than usual : the cost of work decreased as much as 
40 per cent below normal. 

A survey of American experimental studies on 
work and work decrement was made by Edward S. 
Robinson. On the basis of this ihatcrial Robinson 
formulated seven fundamental principles of neuro- 
muscular action, over and above the chemical 
facts of exhaustion and toxicity, which represent 
laws governing the appearance and progress of 
objective fatigue. “These principles are not to be 
thought of as independent of chemical action or as 
insusceptible to the application of chemical 


hypothesis. At present, however, our formulation 
of them is safer if carried out in terms of the gross 
reactions of neuromuscular systems” (30, p. 604). 
As illustration, the second principle states that 
the work decrement depends on the amount of 
repetition and spacing of the specific responses. 
Homogeneous work such as writing the sequence 
ababab shows a larger decrement in speed than 
writing the sequence abedef (law of accumulative 
frequency) . 

One of the interesting questions related to 
industrial performance deals with the structure of 
manual and mechanical ability. Simple observa- 
tion suggests that motor skill is not a general 
faclor, in the statistical sense, a factor which 
determines an individual’s rank in all kinds of 
motor performances. For instance, two individuals 
receiving an identical amount of training in both 
operations can be equally good in cementing 
rubber soles but one might be excellent and the 
other poor as a stitcher. However, the actual 
number of group factors which determine success 
in groups of manual operations, and the number 
of factors specific to particular jobs can be deter- 
mined only on the basis of experimental and sta- 
tistical analysis. In an ideal experiment tests 
measuring various aspects of motor capacity 
w’ould be given to workers who had received 
training in a variety of manual tasks. The analysis 
of the intercorrelations between criteria of profi- 
ciency on the jobs and the psychological test scores 
would indicate the main components of industrial 
skill. 

Willard Harrell (12) administered a large bat- 
tery of tests to 91 cotton-mill machine fixers and 
applied factorial analysis to the coefficients of 
correlation between the scores. The three group 
factors, components common to a number of 
tests, -were labeled: “manual agility" or manipu- 
lative ability, “spatial factor” or the ability to 
visualize space; and “perceptual factor” or the 
ability to see details. The manipulative factor 
was common to tests which required placing pms 
in a board, and assembling and disassembling nuts 
and bolts. The spatial factor was important in 
such tests as the Minnesota paper-and-pcncil 
form board and the punched-holes test. The latter 
requires visualization of the effect of various ways 
of folding a sheet of paper on the position of the 
punched hole. Identification of the third factor was 
difficult and the label “perceptual” w'as applied 

only tentatively. . . 

J. W. Cox (0) in his analysis of manipulative 

skills identified twm group factors: the mec lani 
cal factor” involved in more complicate assem 
filing tests, and the “routine manual factor 

common to simple motor tests. . -t hi 

Motor ability is not a unitary trait, arre s 
three common components were narrow group ac 
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tors involved in a small number of tasks per- 
formed. In other words, "the total number of 
kinds of mechanical abilities is probably large, 
and ... no one factor fability] is important in very 
many activities” (12, p. 08). 

11. Criteria of cftciency and performance. The 
final criterion of efficiency is performance in the 
actual situation. At the laboratory level it is 
rarely possible -to create in entirety the field 
conditions, and, in any case, it is desirable to use 
characterizations that have more precise conno- 
tation than “good worker” or “battle efficiency.” 
Certain critical aspects of field conditions can be 
reproduced and functions which are presumably 
limiting factors are measured. These measure- 
ments become standardized laboratory criteria of 
efficiency. In general, a variety of functions 
must be measured in a “test battery" and psycho- 
logical factors should be given a prominent place 
since these are definitely limiting elements in 
almost all industrial and military tasks. 

In the investigations on the effects of various 
diets at the Laboratory of Physiological Hygiene, 
University of Minnesota, psychometric data are 
used to define the behavioral aspect of the effi- 
ciency of the human organism. It might be inter- 
esting to survey the techniques which are being 
used in the current studies on minimum require- 
ments with respect to the vitamin B complex. 
The “minimum requirement” for a food substance 
is defined for these purposes as the amount which 
allows a normal individual to carry on healthy, 
active, adult life. The “norm” is defined in bio- 
chemical (e.g., blood composition), physiological 
(e.g., heart rate response to standard work) and 
psj’chological terms (emotional and social adjust- 
ment, psychomotor functions, intellectual level, 
and retinocortical sensitivity). 

The adjustment of the subjects is measured by 
two techniques: The Minnesota Multiphasic Per 
Eonality Inventory (13) and a system of rating 
scales. The basic scale contains 20 items taken 
from the clinical descriptions of the psj'chological 
symptoms accompanying B-complex vitamin 
deficiencies. This list is used as a self-rating 
scale and is filled out every other day during the 
period of drastic restriction in vitamin B intake 
and twice a week during the period of moderate 
restriction. A second scale consists of 10 items 
remaining in the basic list after the subjective 
items (such as anorexia) were eliminated; this 
second scale is used in man-to-man ratings once 
a week. The third scale represents a single weekly 
composite rating of each subject by each staff 
member on “cooperation”, a term which seemed 
to summarize best the general character of social 
adjustment. 

The psychomotor tests measure the following 
aspects of functional efficiency; strength, speed 


and coordination. Various "dynamometers” be- 
long to the first category. Speed is measured as 
complex-reaction time involving movement of 
the whole body; time and accuracy of vertical 
movements of the forearm combined with prona- 
tion and supination of the hand; and velocity of 
small hand movements (tapping). Path tracing 
serves as a test of eye-hand coordination. Intelli- 
gence is measured by standard tests. The American 
Council on Education and the Ohio State Univer- 
sity psj'chological e.vaminations, and the Porteus 
ifaze Test (27) arc being used. Flicker fusion is a 
“sensitive test for the e.xcitability of the visual 
pathways as a whole” (34, p. 252). Obviously other 
tests might be used in evaluating “efficiency” 
or “work capaeitj'”, but it is believed that the 
battery does sample the basic components. 

In industry output records are used as the 
yardstick of efficiency. The industrial psychologist 
also asks what satisfaction and sense of participa- 
tion the job gives the worker. He realizes that 
individual maladjustments and dissatisfactions 
are prone to summate and find expression in the 
costly form of rapid labor turnover, restriction of 
output, industrial unrest, and strikes. 

III. Job reguiremenis. Job analysis aimed at the 
establishment of employment standards for the 
selection of personnel involves description of the 
task, work conditions, and qualifications of the 
worker. The latter include: 1, physical character- 
istics — age, size, eyesight, strength, etc.; 2, 
e.xperience and training; 3, special abilities, and 
4, personality traits. 

In an attempt to standardize observations and 
to pool the findings of different occupational 
analysts the check-list method was developed. 
Otto Lipmann used this method in 1916 and his 
final check list of aspects of work behavior con- 
tained over 100 items. Tasks are checked for the 
importance of each trait and its improvability 
through training. Two examples follow; “To 
discriminate exactly at great distances the speed 
and direction of moving objects, acceleration of 
movement and diminution of speed”; “To change 
the nature of the work frequently and to adapt 
oneself easily each time to the new work” (38, 
p. 149). The check-list technique was used in a 
simplified form to develop the Minnesota Occupa- 
tional Rating Scales (26). This system is useful 
in selecting personnel with the abilities needed 
for a given task and in finding the most suitable 
job for an individual. 

Descriptive analj'sis of job requirements is the 
basis for the construction of tests by which those 
abilities can bo measured. Where standardized 
tests arc available, a test batterj’ can be assem- 
bled. This batterj’ is tried out on workers engaged 
in the job. Statistical analj’sis is then applied to 
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select those tests for a final battery which discrimi- 
nate between poor and good workers. 

The process of developing a test battery can be 
illustrated from personal experience in the stand- 
ardization of tests for certain administrative 
personnel in a large shoe factory. Observation 
had suggested requirements for general and 
technical intelligence, clerical ability with em- 
phasis on speed and accuracy, and adaptability 
to changing tasks. A modification of the Army 
Alpha test was used as a measure of general intelli- 
gence. There were two tests of technical intel- 
ligence, one testing spatial judgment and the 
other consisting of problems in arithmetical rea- 
soning. A shortened form of Thurstone’s Examina- 
tion in clerical proGciency was used, together 
with a modified Bourdon test and a number 
cancellation test. These tests were applied to 74 
men then engaged on a particular job and to a 
random sample of other emplo 3 'ees of comparable 

TABLE 1 

Column A: Intercorrelations between the test scores and 
supervisors’ rating. 


Column B: Correlation of Army Alpha I.Q. with scores in 
other tests of the battery. 


TEST 1 

A 

B 

i 

0.701 



0.S37 

0.597 


0.S20 

0.463 


0.387 

0.552 


0.238 

0.IG4 


0.253 

0.194 


0.447 

0.297 


0.134 

0.149 



age. It was found that the test differentiated the 
special group from the genei-al population. The 
next step was comparison of the test scores with 
ratings for the same men by their supervisors. 
The correlations between their rated proficiencj'’ 
on the job and the different tests are given in 
table 1. The value of a test in anj^ batteiy depends 
on its correlation with the practical criterion and 
on its intercorrelation with other tests. In the first 
approximation, it appears that tests 2, 4 and 8 
will not add to the discriminative value of the 
batteiy since they have a higher correlation with 

I.Q. than with the practical criterion. Tlie final 
battery gains little by including in it more than 
items (1) I.Q., (3) mathematical reasoning, and 
(7) speed in number cancellation. 

Viteles (38, p. 260-322) gives a good picture of 
tests used for the selection of skilled and semi- 
skilled workers. His discussion of tests for electri- 
cal substation operators is particular^' instructive 
because it reviews the details of all stages of 
the standardization of a test batter}', from job 


description to application of the tests in hiring 
new operators. Hazel Benjamin (3) has made a 
useful surve}' of articles covering aptitudes and 
testing procedures for personnel placement and 
hiring. See also Bingham (4) and Burtt (5). 

The present emergency has meant that millions 
of workers have switched jobs, either in industry 
or in the armed forces, and many new workers, 
notably women, have been hired for the first time. 
Tests plaj' a considerabl}' larger role now than 
in times when the supply of labor exceeded the 
demand. 

IV. Training. There are few tasks in which 
robot motor performance suffices. Therefore, 
imparting intelligent understanding of the job 
is another important element of training. Closely 
allied is morale, the factors which motivate the 
worker to better performance. The present emer- 
gency has produced an abundance of examples 
where workers previously' adequately trained, in 
the usual sense, have increased their output by 
improving the methods of doing the same job. 
Ideally, then, training should teach the manipu- 
lation, provide understanding as to the principles 
of motion economy and stimulate a desire for 
greater accomplishment. Psy'chological factors 
arc of importance even in strictly physiological 
training. For instance, in reducing the heart 
rate in fast-running, attention must be given to 
psj'chological principles of motivation to induce 
the subjects to keep on. 

In the process of training men for now occupa- 
tions, the application of experimentally estab- 
lished psychological principles can both speed up 
and broaden the training program. In the sense of 
building a common base for other jobs the question 
of transfer of skill is very real from the practical 
point of view. Rapid technological progress is 
reflected in changing design of machines and 
manufacturing processes, ivhich in turn require 
transfer of workers from one operation to another. 
Under war conditions this displacement has been 
greatly' magnified and readjustment in post-war 
production will involve the retraining of millions 
of workers. 

J. IF. Cox investigated experimentally the 
changes in performance in assembly' operations 
brought about by drill-like practice as against 
intelligent training. The problem of ascertaining 
how practice and training on an assembly' opeia- 
tion increases efficiency in related performances 
required three steps: 

1. Testing all subjects, c.xpcrimcntal anc con 
trol, on a number of manual operations 

2. Practice or training of the cxpcrimtn a 
subgroups in a similar operation m " uc i 
control subgroups did not participate 

3. Re-testing all subjects on the initia cs s. 
The “practice” consisted in repeating a given 
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assembly operation at maximum speed 4-!0 times. 
Subjects in the “training" group "were instructed 
in the genera! principles underlying the, best 
methods of work, and they carried out formal 
e.xeroises designed to direct attention to points 
to bo observed in manipulating the material” 
(6, p. 1G2). The eleven “tr.aining lessons” corre- 
sponded in length to the "practice” periods and 
were given for eleven days. A considerable part 
of each “training” period was spent in talking 
about such matters as arrangement of the parts 
on the bench, improvement and control of per- 
formance on the basis of visual and tactile data, 
and the economy of motion. Exercises in the 
“training” group were repeated only 85 times, as 
compared with 440 repetitions in the “practice” 
group. Retest on the initial five tests showed 
significant evidence of transfer of skill in the 
“training” group; the “practicing” group showed 
very little gain over its control. 

Skill, developed by the repetitive practice of 
one manual operation, contributes little to the 
performance of other jobs. On the other hand, 
skill developed through intelligent instruction 
tends to transfer to a fairly wide range of manual 
operations. This leads to a practical suggestion 
that teaching industrial skills should take into 
account not only the neuromuscular factors but 
also the controlling mental mechanisms. 

The effect of non-financial motivation on the 
rate of learning is illustrated in an e.xperiment 
conducted by A. J. Marrow. In a newly organized 
plant one group of sewing machine operators was 
informed at the end of the first week that their 
output ranged from 20 to 25 per cent of the mini- 
mum level for a skilled worker and that this 
standard should be reached in about three months. 
The discrepancy appeared too great and the pre- 
scribed standard was not seriously accepted as a 
workable goal. “Improvements were slow, learning 
plateaus common, and after fourteen weeks only 
66 per cent of the standard bad been reached 
(18, p. 61). The other group had been given the 
same information, but, in addition, a definite goal 
had been set for each week. At this time there were 
some individuals in the plant who actually had 
reached the standard. “This combination of an 
immediate goal for the near future and the ac- 
ceptance of the final goal as a real standard for 
the group led to a much more rapid improvement” 
(IS, p. 61). The group surpassed the standard 
before the end of the scheduled time. 

The effect of financial incentives was investi- 
gated by S. Wyatt (42) who studied the reactions 
of a group of 10 young women employees. The 
work involved packing, weighing and wrapping. 
For the first nine weeks all workers wore paid a 
fixed weekly wage irrespective of output. The 
amount of improvement during this time was 12 


per cent in terms of the first week’s output and 
continuation of this method of paj’ment did not 
promise further increase. During the following 
15 weeks a competitive bonus system was used in 
which the slowest worker was given the same 
wage as before, the next better received an addi- 
tional sixpence, and so on throughout the group. 
This produced a sharp rise of 46 per cent in output. 
When the work-curve practically leveled off, a 
piece-rate system was introduced. Under this third 
system output increased an additional 30 per cent 
and remained on that level. 

F. Accidents. During the last 25 years much 
attention has been directed to industrial accidents. 
The importance of minimizing the hazards by 
better machine design and protective devices was 
well recognized and accident rates were reduced 
by these measures. Posters, accident museums, 
repeated newspaper and radio campaigns, and 
shop-to-shop safety competition were used effec- 
tively in further reducing the number of casualties. 
The latter fact constitutes proof that a percentage 
of accidents is due to the failure, not of the ma- 
chine, but of its operator. 

The psychotechnologist versed in the techniques 
of advertising research can compare the effective- 
ness of the various methods used in safety cam- 
p.aigns in changing the attitudes of the worker and 
imparting information. However, any mass ap- 
proach is not fully satisfactory. Accident etiology 
is complex and includes insufficient information 
about hazards; temporary indisposition resulting 
from fatigue, ill health and emotional tensions; 
acquired habits such as faulty work methods; and 
permanent persona! dispositions (e.g., defective 
vision). 

Accidents are not distributed in an “accidental” 
or chance manner; certain persons are more liable 
to have an accident than others. Numerous studies 
tend to confirm this hypothesis, 4''iteles presents 
the results of a study of 321 truck drivers which 
shows that “14 per cent of the driving force was 
responsible for 47 per cent of all accidents, 25 
men having incurred 211 accidents [out of a total 
of 533) in three years' time” (39, p. 490). Slocombe 
also observed unequal distribution of accidents in 
a group of 625 factory employees who suffered a 
total of 2,641 injuries. These accidents were, for 
the most part, of minor character. However, it 
was also found that "the people with a lot of 
little accidents were the ones who were having 
the serious accidents” (35, p. SO). 

Accident proneness refers to personal factors 
and attempts have been made to identify them 
by means of psychological tests. Parmer, sum- 
marizing the results of studies on industrial work- 
ers, air pilots and drivers, indicates “that people 
who are slow and inaccurate on certain sensori- 
motor tests tend to have a higher accident rate 
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than others”, although “the predictive value of 
these tests is not high” (10, p. 125). They dis- 
criminate well only on the extreme ends of the dis- 
tribution. Nervous instability is also assumed to 
be related to accident rate and Farmer expects 
that progress in the diagnosis of accident prone- 
ness will be derived mainlj’’ from a direct stud}’' 
of the affective make-up. He is willing to accept 
the suggestion of Lahy and Korngold (16) that the 
so ‘ otor tests diagnose tlio accident prone- 
r as they reflect the effects of emotional 
An indirect way of estimating emotional 
ility is by means of the psychogalvanic 
Experiments using this technique tend to 
firm the hypothesis that the more emotional 
erson is prone to have a higher accident rate. 

Farmer makes a distinction between accident 
proneness which is characteristic of tlie individual, 
and accident liability which is primarily environ- 
mental and represents the amount of strain placed 
on a person. Such factors as ventilation, lighting, 
glare, speed of production and density of traffic, 
methods and hours of work belong in this category. 

Vernon summarized experiences from the first 
World War which are relevant on this point. 
Data obtained for workers in a British fuse factory 
show that “during the 12-hour day period the 
women experienced nearly three times more acci- 
dents than in the subsequent 10-hour day” (37, 
p. 12). Also, the number of accidents incurred dur- 
ing the last hour of the morning work period on 
the 12-hour day schedule was five times greater 
than during the first hour. On the 10-hour day 

ledule this ratio was only 3 to 1. These facts 
gested that increase in the accident rate was 
ue to fatigue of the workers. The fatigue hypo- 
thesis of accident causation is, however, not 
quite convincing: in the night shifts there was a 
reversal of accident frequency. “The accidents 
were at a maximum at the beginning of the night 
and dwindled down fairly regularly till the early 
morning” (37, p, 13). 

These statistical studies of accident causation 
establish the presence and weight of various 
factors involved. Another approach is the clinical 
type of investigation which focuses on the indi- 
vidual, considers all available information and 
leads to treatment which aims at the rehabilita- 
tion of the accident-prone employee. Viteles made 
an excellent summary of the earlier work with 
emphasis on the transportation industry (3S, 
p. 276-386). , 

VI. Boredom and fatigue. Fatigue of an isolated 
muscle is indicated by reduction in its work 
output under continued stimulation. Extension of 
this clear concept to the intact organism leads to 
much confusion. In modern industry it is not often 
that work output is primarily limited by true 
fatigue of the muscles, though this may occur in 


military operations. In some cases the restriction 
of accomplishment is purely psychological in ori- 
gin and in the great majority of cases psychologi- 
cal and physiological factors are combined so as 
to make clear differentiation difficult. However, 
it is possible to distinguish between the “feeling 
of fatigue” and “boredom”. Boredom is charac- 
terized by discontent, restlessness and yawning, 
whereas the “feeling of fatigue” appears as weari- 
ness and can be relieved only by rest. Fatigue 
which accompanies heavy or very intensive work 
is regarded as a subjective sign of physiological 
ciianges produced bj’ the work. In some cases, such 
as sprinting, it is possible to identify and measure 
some of the physiological changes such as the 
rise in blood lactate, oxygen debt, and so on. 
In more prolonged muscular work of moderate 
intensity physiological signs are not very marked 
and in stud 3 ’ing boredom, which results from light 
but repetitive w’ork, biochemical analyses are of 
little help. 

In a series of systematic research undertaken 
by the British Industrial Health (Fatigue) Re- 
search Board it was found that boredom was 
experienced most intensely around the middle of 
the work period and was associated with a lower 
and more variable rate of working (43). 

Data on the distribution of boredom symptoms 
among 355 women engaged in repetitive work 
indicated that “3 per cent showed practically no 
symptoms, 33 per cent were slightly affected, 38 
per cent experienced a moderate degree, 23 per 
cent suffered severely, and 3 per cent were seldom 
free of boredom” (44, p. 72). Individuals working 
under the same conditions show varying suscepti- 
bility to boredom. In an investigation of a group 
of workers employed in filling boxes of three sizes 
— 14 lb., 4 lb. and 1 lb. — ten workers out of nine- 
teen preferred to work rvith the large size and 
thought ■work with small boxes too fussy and trou- 
blesome. Six packers found small boxes preferable, 
the work was more varied and they had a greater 
feeling of accomplishment. The stated preferences 
were reflected in output: workers preferring big 
boxes did 5 per cent better with this size but were 
6 per cent belorv the group average in filling small 
bo.xes; contrariwise, workers liking small boxes 
excelled the average by 7.3 per cent and fell 5. 
per cent belo'vs’ on large boxes. The authors pointc 
out that “these differences are instructive because 
the movements involved in filling the different 
bo.xes were almost identical, so that from t ic 
standpoint of capacity, those who were superior 
or inferior in one process would he expected to ^ 
equally superior or inferior in the other ( < 

p. 12). . . , 

What are the personal characteristics of n 
boredom-prone individual? Wyatt and Langion 
(44) investigated four personality traits: gcncr. 
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intelligence, divided attention ("ability to think 
of other tilings while working”), perseveration 
(interference of the proceeding activity with the 
following activity) , and introversion-extroversion. 
The differences between the average scores of 
“least bored” and “most bored” workera were 
found to be statistically significant for the first 
and last traits studied. Higher intelligence and 
extroversion tend to be associated with greater 
susceptibility to boredom. 

Individuals who were classified as “most bored” 
registered also a higher number of complaints 
against working conditions. In three plants where 
studies were made on sub-groups comprising 54, 
34, and 26 workers, bored workers registered, on 
the average, 19 per cent, 23.7 per cent, and 21.3 
per cent more complaints. 

Workers spontaneous!}’ develop antidotes to 
boredom such as talking, singing and daydream- 
ing. Features introduced and tested experi- 
mentally in previous investigations included such 
factors as rest pauses and changes in the form of 
work. Wyatt and Langdon studied the effect of 
recorded music assuming that since boredom is 
due to an awareness of the monotonous conditions 
of work, its alleviation will depend upon the extent 
to which the workers’ attention can be distracted 
from these conditions. The experimental group 
consisted of 12 women workers engaged in light, 
repetitive work. Output records under the usual 
conditions were used as a control. Then, music 
was introduced at various intervals in the work 
day. It was found that when there was music 
from 10:00 to 11:15 the average hourly output for 
the morning work increased 6 per cent over the 
preceding period. The difference was statistically 
significant and as a result the management in- 
serted an hour of music in the middle of each 
work period for all workers. 

A good example of interdisciplinary research on 
the functional changes in the human organism 
which result from prolonged work is the study 
on the fatigue of truck drivers, conducted by 
the Division of Industrial Hygiene, National 
Institute of Health (15). The Interstate Commerce 
Commission, which requested the investigation, 
wanted an answer to the question : After how many 
hours of work does the driving of the average 
qualified driver become unsafe? Because a direct 
answer cannot be experimentally obtained, the 
research was focused on the onset and progress 
of the decline in functional efficiency after various 
spans of driving. Three groups of drivers were 
tested; I, men who were fresh and had not driven 
since a major sleep; II, those who had driven less 
than 10 hours; and III, men who had driven for 
more than 10 hours. Each man was given a general 
medical examination and as many as possible of 
the 22 special tests. These were classified into per- 


formance tests which determine the ability to 
accomplish a task and non-performance tests 
which measure bodily states over which the sub- 
ject has little or no voluntary control. 

Musoio (23) has emphatically recommended the 
non-performance tests. However, these experi- 
menters held a different opinion: “Since our 
knowledge of fatigue is still elementary, it was 
decided to use every promising avenue of research 
available in the hope that a characteristic psycho- 
physiological complex might be revealed” (15, 
p. 20). This more catholic approach proved re- 
warding: the performance tests showed, on the 
whole, a more marked and a more consistent 
fatigue trend. Speed of tapping, simple reaction 
lime, reaction-coordination time, manual steadi- 
ness and body sway showed the closest relation 
with hours of driving: “. . . the men who had not 
driven since sleep performed with the greatest 
average efficiency, the men who had driven 0.1 
to 9.9 hours were loss efficient, and the men who 
had driven 10 hours or more were least efficient 
of all” (15, p. XVII). Flicker fusion frequency 
which stands on the borderline of psychological 
and physiological functions also showed a con- 
sistent decrease. As far as the non-performance 
tests are concerned, no great and consistent 
changes were found. The average leucocyte count 
was lower for the working than for the rested 
drivers but did not differentiate between the men 
who had more and those who had less than 10 
hours of driving. In a similar way the driving 
resulted in a slightly lower heart rate and slightly 
higher mean systolic and diastolic blood pressures. 
“No appreciable correlation was found between 
hours of driving and differential leucocyte count, 
altered knee jerks, dermographia, the specific 
gravity of the urine, the urine pH, or the hemo- 
globin content of the blood” (15, p. 55). 

A summary of physiological data on fatigue, 
with special reference to industry, was made by 
Dili el al. (7) and Sayers (32). 

VH. Morale. High output is frequently consid- 
ered a practical criterion of the morale of workers. 
In this sense placement, training, accident pre- 
vention, etc,, have their bearing on morale. 

The Hawthorne studies (29, 40) drew attention 
to a number of other important facts: industrial 
production has to be understood as social be- 
havior; informal organization within the shop and 
pressures exerted by it significantly influence the 
output; and problems of internal equilibrium 
within the industrial organization are as important 
as the problems of economic efficiency and are 
amenable to scientific investigation. 

Their first test group worked at three consecu- 
tive levels of illumination (24, 46, 70 foot candles), 
while the control group was submitted to illumina- 
tion of a constant intensity. Production increased 
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to approximately the same level both in the test 
and in the control group. It took the “tough- 
minded” experimenters a fe^Y years to realize that 
other variables were entering into the experi- 
mental situation besides illumination: the workers 
felt that they were participating in a significant 
project, that they were important as people and 
not merely cogs. This factor of motivation was 
more effective than physical changes in the envi- 
ronment. Of course, one cannot draw a general 
conclusion that environmental factors are of no 
. .. . -. Too many data from well controlled 

where the effects of learning and 
, I were taken into account point to their 
cce. Whitehead specified that “in order to 
..lin a satisfactory material situation . . . the 
I physical situation at any time must be within 
. indifferent range of the individual experiencing 
t” (40, I,p. 94). 

The illumination experiments at Hawthorne 
were followed by a five-year study on the effect 
of various work conditions, either expei-imentallj' 
induced (length of the work day, length of the 
work week, number and duration of rest pauses, 
supply of refreshments) or inherent in the situa- 
tion (hours of night rest, menstruation, tempera- 
ture and humidity, daily and weekly work cycle). 
The experimental group consisted of five girls 
who worked in a separate room and were treated 
more as collaborators than as “factory hands”. 
A number of changes in work conditions were 
made, e.g. two rest pauses were introduced and 
working hours were reduced. The output in- 
creased. This was considered remarkable “as 
’of the operators had assembled relays for a 
iderable time previously and had reached 
jme sort of steady state in their working skill” 
(40, I, p. 240). However, when the original work 
conditions (full 48 hours week, no rest pauses) 
were restored, the e.xpected drop in output did 
not occur and a high level of efficiency was main- 
tained. This was a shocking experience and it 
pointed more emphatically to the importance of 
work attitudes as production factors. 

Daily and weekly variation in output could be 
traced in part to physical and physiological vari- 
ables. Output decreased slightly for two or three 
days of the menstrual period. The same was true 
of exceptional spells of cold or hot weather. On 
the other hand, slow seasonal, weekly and daily 
changes of temperature and relative humidity 
had no detectable effects on the output rate. A 
significantly greater part of the variation in out- 
. put was found to be related to inter-personal 
stimulation, and production records showed fre- 
quently a high degree of co-variation for pairs of 
operators. The relation between the work-rates of 
pairs of workers was not a stable quantity but 


varied more or less synchronously with the socio- 
cmotional relationships of the individuals. 

The Hawthorne experiments in the Bank Wiring 
Observation Room further revealed the character 
of output as a “form of social behavior,” and 
industrial organization as a complex social system. 
The experimental group included nine wiremen, 
three soldermen and two inspectors. Records of 
quantity and quality of output were kept as in 
previous studies. Two methodologically important 
features were added: sj'steniatic interviews and 
full-time observation. The observer, stationed in 
the room, had the function of a record keeper and 
of an objective, disinterested spectator without 
executive authority. The interviewer remained 
outside the group. His task was to elicit and record 
the worker’s feelings about the job, his co-workers 
and supervisors; his personal history; his social 
contacts outside the plant. Restriction of output 
despite the incentive payment plan was one of the 
significant discoveries of this experiment. The 
group attempted to work at a more or less identical 
pace and various devices were used to achieve this 
end. Social pressure was exerted against the 
“slaves” who tended to maintain a higher output 
rate. 

In 1936 a new interviewing program was begun 
at Haw’thorne which became known as the person- 
nel counseling plan. It was considered as the 
specific function of personnel work in industry 
and was differentiated from general functions, 
such as employment routines, training, accident 
prevention, wages and collective bargaining. The 
role of the counselor was defined as “that of 
carefully listening and observing, of making 
diagnoses, and then stimulating the most effective 
action on the part of the various other agencies 
in the structure [of the industrial organization] 
whose formal function is to deal with the particu- 
lar problem under consideration” (29, p- 601). 

The counseling plan at Hawthorne suggests that 
mass maneuvers aimed to increase morale (appeals 
to loyalty to the plant and to the feeling of pa- 
triotism, increase in wages and job security) has 
to be supplemented by an individualized approach. 
Handling of employees’ adjustment problerns on 
the professional level was demonstrated by Vitelcs 
(39, p. 369-392 and p. 586-611) in dealing with 
rehabilitation of accident-prone taxi drivers an 
vocational maladjustment. Highly trained per 
sonnel cooperated in an interdisciplinary diag 
nosis and treatment of the w'orker problems. 
The approach was an adaptation of the c iiiica 
method of individual study developed at ’ >e 
University of Pennsylvania by Witmer for c oa mg 
with behavior problems of children. A senes o 
interviews enabled the consulting psycho ogis 
to understand the dynamic structure of cac * 
and to work out a readjustment program vi 
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committee including the company phj'sician, 
social worker, garage superintendent, street 
supervisor, and assistant general manager. 

SuMitARY. A brief review has been made of ways 
in which psychological factors are involved in 
motor performance. In addition to some theoreti- 
cal problems in the field of psychosomatics, 
attention has been paid to criteria of efficiency, 
industrial job requirements, training, accidents, 
boredom and fatigue, and morale. 


It has been stressed throughout that problems 
of industrial performance arc complex and that 
adequate research demands an interdisciplinary 
approach. 

Among the scientific disciplines which enter 
into the study of human work, physiology and 
psychology occupy positions of first importance. 
It is hoped that this review maj' help to indicate 
some directions in which cooperative research 
would be fruitful. 
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When first exposed to hot environments most 
men are incapable of working strenuously or for 
prolonged periods. Such work is performed ineffi- 
ciently and leads to disability in many men. 
By a process of acclimatization man adapts him- 
self to work in the heat. He then works as 
efficiently as in temperate environments, with- 
out subjective complaints and with little or no 
disturbance of bodily functions. A consideration 
of performance in relation to high environmental 
temperatures must, therefore, immediately con- 
cern itself with the problems of acclimatization 
to heat for it is largely in this aspect that per- 
formance in heat differs from performance in 
temperate environments. Most other factors 
governing performance exert similar influences 
at high and low environmental temperatures. 
Because of its paramount importance in per- 
formance in the beat this study will concern itself 
largely with the problem of acclimatization to 
heat and more specifically to dry (desert) heat. 

Acclimatization to heat appears to be a complex 
physiologic readjustment which cannot be defined 
adequately or determined completely by a few 
' imple physiologic measurements. Nevertheless, 
adaptation is accompanied by certain physio- 
hanges which can be measured and which 
as general indices of the entire process. It is 
'in this sense of an index of the problem rather than 
a complete understanding that the following 
observations are presented. 

Materials and Methods. A preliminary period 
of' two months was spent in the desert training 
area of California during August and September, 
1942 in order to obtain information on the nature 
and scope of the problem, particularly from the 
point of view of the .Army. In the present study 
the observations were carried out in simulated 
desert conditions produced in the “hot room” 

I Captain, Medical Corps, Army of the United 
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of the Laboratory. The duration of the exposure 
in the hot room varied from one to three iveeks. 
Prior to e.xposure to the heat, the men were given 
a period of training in order to harden them. 
Their physical fitness was estimated before and 
after preliminary training, immediately on expo- 
sure to the heat and after acclimatization to the 
hot environment. These estimates were based 
on their performance for moderate work of long 
duration (marching) and severe work of short 
duration (“pack” and “step” tests). 

The temperature of the room was maintained at 
120'’P from 8:00 A.M. to 5:00 P.M. and at 90°F 
from 6:00 P.M. to 6:30 A.M. One hour was required 
to change from one temperature to the other. Rela- 
tive humidity was kept as low as possible and 
r.anged from 15% to 22% during the day. During 
the day wall temperatures were in equilibrium 
with the air temperature while the floor was S°F 
to 10°F cooler than the air. No additional radiant 
heat was supplied. The environment was, there- 
fore, less rigorous than that of the desert with the 
same air temperature and humidity. A moderate 
degree of air movement was obtained from two 
26-inch fans or four 10-inch fans but the rate was 
not measured. Since the studies were carried out 


during the five months beginning with October the 
e.xperimental environment represented an extreme 
change from that to which the subjects wore 
previously e.xposed. 

Experimental subjects. The e.xperimental sub- 
jects were 56 enlisted men; 48 lived continuously 
in the hot room except for two five-minute periods 
for lavatory privileges taken when the tempera- 
ture of the room was 90°F. The age limits of the 
men were 17 and 43. Only three were over 30 and 


the majority were between the ages of 20 and 2S. 
None of the men had had recent infections and all 
were healthy. They were in different states of 
training and manifested varying degrees of 
ph 3 'sical fitness. 
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Clothing. Some observations were made with 
men wearing different types of clothes in order to 
study tbeir effect on heat balance of the body. 
For most of the experiments in the hot environ- 
ment, however, the men wore what they chose, 
usually cotton shorts, socks and regulation shoes. 
Fatigue clothes were worn during the period of 
preliminary training. 

Preliminary training. Because the phj'sical con- 
dition of the experimental subjects was not con- 
stant, the men were trained for at least one week 
in a cool environment (70°F to 76°F) before being 
subjected to the hot environment. During this 
period the work was similar to that which they 
were to perform later in the heat. 

Test groups. Group I, the walking group. It was 
the largest of the four. Those men performed work 
of moderate severity and duration, nameb’, walk- 
ing at the standard army pace carrying a 20-pound 
pack. A walk of two and one half miles in 47 to 50 
minutes constituted a “work period.” Between 
successive work periods a rest period of 10 to 13 
minutes was given during which observations were 
made. Unless disabled, the men walked two suc- 
cessive work periods in the morning and three in 
the afternoon, walking a total of 12.5 miles a day. 
The data and conclusions of this report are based, 
for the most part, on observations made on men 
performing this type of work. 

Group II, bicycling group. Men in this group 
performed a fixed amount of work pedalling a 
bicycle ergometer for 10 minutes in each of two 
successive hours in the morning and three suc- 
cessive hours in the afternoon. Observations were 
made before, during and after work. 

Group III, resting group. Men in this group were 
allowed to rest during the first three or four days 
in the hot room before beginning work and during 
this period did no more than was required for 
subsistence. 

Group IV, intermittent exposure group. Eight 
men lived in their barracks and were subjected to 
the hot environment for four hours in the morning, 
returning to their quarters after each exposure. 
While in the hot room they walked for two work 
periods separated by an hour of rest. These men all 
had their initial exposure on the same day. They 
wore then divided into pairs for re-exposure. At 
intervals of three days a new pair was re-exposed 
to the heat. Once a man had received his second 
exposure to heat, ho returned to the hot room 
every third day. 

Food. Regular army faro was provided the 
experimental subjects from their own mess and 
consisted of the rations allotted to the soldiers 
doing regular duty. No record was kept on the type 
or amount of food eaten, 

IFater and salt. Salt was added to all drinking 
water to give a final concentration of 0.1 per cent 
salt solution. The water intake was measured and 


was administered according to one of three sched- 
ules: (a) As much as desired whenever wanted, (b) 
Adjusted to equal the total weight loss, (e) Re- 
stricted to 4 liters daily, approximately one half 
the amount lost, and given in one of two ways: (1) 
270 ml every hour from 6:00 A.M. to 6 :00 P.M. plus 
750 ml from 6:00 P.M. to 6:00 A.M. (2) 750 ml at 
6:00 A.M., 1250 ml during the noon hour, 1250 ml 
with the evening meal and 750 ml from 6:00 P.M. 
to 6:00 A.M. 

Sleep. Eight to nine hours a night were allowed 
for sleep. A few men had difficulty in sleeping on 
the first night of the experiment but most slept 
well throughout. 

General observations. Each morning and evening 
the rectal temperature, pulse and respiratory rates 
were recorded. Each morning the weight was 
measured to ±J lb., and the twenty-four hour 
urine excretion was measured and samples taken 
for chloride determination. Special emphasis was 
given to the general appearance and subjective 
reaction of all men during the work periods and 
records were kept of the vigor, “morale”, sweat- 
ing, flushing of the face and any complaint of 
headache, gastroenteric or cardiovascular disturb- 
ances. Rectal temperature was recorded at the 
beginning and at the end of each work period. The 
heart rate was measured at the beginning and at 
the end of each work period with the subject in 
both the erect and supine position (3 minutes in 
each) and at 15-minute intervals during the work- 
ing period (subject marking time). Auscultation 
over the precordium was necessary to count 
accurately the more rapid rates. The blood pres- 
sure was determined at the beginning and end of 
each work period in both supine and erect posi- 
tions (3 minutes in each). Posture was changed 
either voluntarily or by use of a tilt table. The 
weight, within 5 grams, was recorded at the 
beginning and end of all work periods. All clothes 
were removed and the sweat dried off. The water 
intake and urine output during each work period 
was carefully recorded. 

General results. The factors involved in 
performance in the heat and in aoclimiatization to 
heat are presented by a series of representative 
charts. Although these charts indicate the obser- 
vations on a single man, or a small group of men, 
it is to bo understood that they are typical 
examples and are supported by other similar 
observations. 

Comparison of acclimatized and unaccUmatized 
states. The unacclimatizcd man works in the heat . 
with a high pulse rate, a high body temperature 
and an unstable blood pressure, particularly after 
change in posture (chart 1). Compare, for example, 
the performance on the fifth and first days in the 
heat. 

With continued exposure and work in the heat, 
acclimatization ensues and the heart rate, rectal 
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temperature and blood pressure return to levels 
approximating those obtained after similar work 
in cool environments. This is true with the subject 
erect or supine (chart 1). 

Of particular interest are the changes induced 
by the assumption of the erect position after 
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Chart 1. Progressive improvement in heart 
rate, rectal teinperature and blood pressure in the 
erect posture as acclimatization develops. 

The charts (except no. 13A) are similarly 
plotted. Along the ordinates heart rate, rectal 
temperature and blood pressure are charted in 
turn. The total height of the column indicating 
blood pressure represents the systolic pressui-e; 
the white portion of this column (limited by the 
transverse line) indicates the diastolic pressure; 

e solid or hatched portion of the column gives 
ulse pressure. Along the abscissae are in- 
.. ed the day of work, the environment in which 
, work was performed and the period of work at 
the end of which the plotted data were obtained, 
A key with each chart interprets the hatching of 
the columns. The text associated with each chart 
indicates whether the data were obtained from 
single observations or averages. 

cessation of work. In the unacclimatized state 
(first day in heat, chart 1) change of posture causes 
marked alterations in cardiovascular dynamics, 
as indicated by pulse rate and blood pressure. In 
the erect posture the heart rate is markedly 
accentuated, the s 3 ^stolic blood pressure falls and 
the pulse pressure narrows. As a result of the 


lowered blood pressure the cerebral circulation at 
times becomes inadequate, symptoms of cerebral 
hypoxia arise and syncope may ensue. Lying down 
promptly slows the heart rate, restores the blood 
pressure and dispels the symptoms of cerebral 
ischemia. 

Table 1 indicates the incidence of syncopal 
attacks in men standing quietly erect after work- 
ing in the hot environment. In all instances syn- 
copal sj-^mptoms or signs, usually both, appeared 
within 3 to 5 minutes of the completion of w'ork 
and were sufficiently severe to force the men to 
lie flat. When syncope appeared imminent, the 
men were tilted flat before undonsciousness 
occurred. 

It is apparent that this type of circulatory in- 
adequacy disappeared as work in the heat was 
continued and in manj’’ subjects this clearing was 
rapid. Some men stood without difficulty following 
a second work period on the first day, after having 
a syncopal episode following the first work period. 
Once postural circulatorj’^ inadequac}' disappeared 

TABLE 1 


Incidence of syncopal atlacks in the erect posture after working in 
the hot environment 


DAY OF WORK IN HEAT 

NUMBER 
OF MEN 
WORKING 

NUMBER 
OP MEN 
HAVING 
SYNCOPE 

PER CENT 
INCIDENCE 

or 

SYNCOPE 

First 

45 

20 

44.4 

Second 

38 

s 

21.1 

Third 

37 

3 

8.1 

Fourth 

37 

1 

2.7 

Fifth or later 

38 

0 

0 


usually it did not recur on subsequent daj"s of work 
in the heat. The decrease in number of faint- 
ing attacks paralleled the development of 
acclimatization. 

Although observations wmre made w'ith the 
subjects both erect and supine, in this report 
performance is evaluated for the subjects chiefly 
in the erect posture and all charts (unless other- 
wise indicated) refer to such measurements. Three 
facts led to this decision; (a) the findings in the 
erect posture paralleled those in the supine, (b) 
the erect posture places an added strain on the 
physiologic functions of man, revealing disturb- 
ances not apparent when man is supine, (c) a use- 
ful man is a W'orking man; work usually requites 
the upright posture. 

Although a low heart rate, a low rectal tempera- 
ture and a stable blood pressure generally accom- 
pany acclimatization, one cannot ' define t ic 
process or detect dificrcnces in the degree^ o 
acclimatization between individuals bj' such sim- 
ple measurements alone. This is illustrated bj' t le 
data for four subjects plotted in chart 2. On t ic 
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fourth day of exposure to heat a!I four men suc- 
cessfully completed five work periods at which 
time subject Bel. had the most rapid heart rate 
and the highest rectal temperature. This might be 
taken as an indication of incomplete acclimatiza- 
tion and evidence that Bel. was not as capable of 
work in the heat as the other three men. His 
general appearance and behavior, however, indi- 
cated that he was more fit than Ham. or Gee., both 
of whom had lower heart rates and body tempera- 
tures. On the following (5th) day, the men worked 
under more severe conditions. Subject Ham. 
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Chart 2, Failure of heart rate, rectal tempera- 
ture and blood pressure as sole criteria of per- 
formance in desert heat. 

became weak, nauseated and vomited after the 
second work period and could not continue. 
Subject Gee. was forced to stop at the end of the 
third work period because of exhaustion. Subject 
Bel. with a heart rate and rectal temperature 
which were always higher than those of Ham. or 
Gee., continued energetically for another work 
period and on finishing appeared almost as fit as 
Lan. Thus, prediction of performance on the basis 
of heart rate and rectal temperature alone did not 
agree with the actual performance of these men. 

Undoubtedly a man, doing a fixed amount of 
work, is less efficient and more prone to disability 


when his rectal temperature and pulse rate are 
high, than when they are low. However, individual 
performance is influenced by many variables which 
are not evaluated by such simple measurements. 
It is necessary to consider and evaluate each man 
as a whole and to avoid focussing attention on 
the rectal temperature or heart rate. The man’s 
subjective symptoms, his objective appearance, 
his behavior and his actual performance must 
receive at least equally careful consideration in 
any evaluation of his capacity to work in the heat. 

The acclimatized man is alert, performs his work 
energetically and without sj'mptoms. Usually his 
heart rate and rectal temperature are low, at least 
not markedly elevated. On the other hand the 
unacclimatized man working in the heat becomes 
dull and apathetic, performs his work poorly, has 
a rapid heart rate and a high rectal temperature 
and may manifest to varying degrees, and either 
singly or in combinations, the sjTnptoms and signs 
of heat exhaustion. In the present experiments we 
came to recognize the unacolimatized men by the 
following symptoms and signs: Symptoms (1) 
fatigue (2) headache (3) dizziness, especially when 
erect (4) shortness of breath (5) loss of appetite 
(6) nausea (7) vomiting (8) abdominal cramps; 
Signs (1) flushing of face and neck (2) rapid pulse 
rate (140-200/min) (3) lack of coordinated effort 
(clumsy, stumbling) (4) staring glazed eyes (5) 
mental disturbances (apathy, poor judgment, irri- 
tability) (6) fever over 102°F (7) collapse. 

Of special interest is the marked flushing of the 
face, neck and upper chest which occurs in almost 
all men when they first work in the heat and 
which disappears as acclimatization develops. It 
is first noted approximately one half to one hour 
after undertaking work in the heat for the first 
time and dev'elops into a pronounced and at times 
slightly cyanotic erythema. It begins around the 
cheeks and eyes and extends to occupy the entire 
face and ears, frequently being detected in the skin 
of the chest as well as the neck and upper extreme- 
ties. The flush is associated with subjective and 
objective warmth. The skin is hot to the hand and 
its temperature, as determined by a radiometer is 
significantly increased. Frequently there is an en- 
gorgement of the conjunctival and scleral vessels 
so that the eye appears bloodshot and it may even 
be mildly painful. 

Some men when first exposed to the heat have 
had a period of “sniffles”, associated with an 
engorgement of the mucous membrane of the 
nose, though this has not been constant. After a 
work period during the early days of exposure 
to heat, swelling of the hands is often noticed. 
The men carry packs, and although constriction 
by the shoulder straps may contribute to the 
edema, it nevertheless occurs in men who walk 
n-ithout packs. Even though the men continue 
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to carry their packs, it tends to diminish or disap- 
pear as acclimatization progresses. 

Factors in attaining and maintaining ac- 
climatization IN A HOT ENVIRONMENT. As pointed 
out above, when different persons are compared, 
the heart rate, rectal temperature and blood 
pressure are not, in themselves, completely reli- 
able measures of ability to maintain an e.vcellent 
level of performance in the heat. Nevertheless, 
they may be utilized as indices of acclimatization 
when they are consistent with the other above- 
discussed evidences of acclimatization. It was with 
these limitations in mind that the heart rate, 
rectal temperature and blood pressures were used 
as indices in this study. The factors involved in 
attaining and maintaining acclimatization to heat 
are presented in a series of charts and it is to be 
understood that the plotted changes in rectal 
temperatures, pulse rate and blood pressure were 
consistent with the picture of the man as a whole. 
When they were not, specific mention of the 
differences are made. 

Course of acclimatization. The process of 
acclimatization appears to be initiated by the first 
exposure to heat. This is indicated by chart 1, in 
which are plotted typical observations made on 
one man at the close of the last work period of 
each charted day. Considerable improvement in 
heart rate, rectal temperature and blood pressure 
(in the erect posture) is apparent on the second 
day in the heat, that is, after one day of exposure. 

At the close of the last (second) work period on 
the first day in the heat this man was very tired, 
giddy and unable to stand erect. On the second 
day he finished three work periods feeling much 
better than on the previous day, had no difficulty 
in standing and maintained a normal blood pres- 
sure in the erect posture. Thereafter he worked 
without difficult3L 

In most men a major portion of the improvement 
in ability to work in the heat is attained by the 
1 or fifth day of work in a continuously hot 
onment. This is illustrated in chart 3 which 
the progressive changes recorded in two 
''groups of men exposed to heat at different times. 
Each column represents the average of the data 
obtained on four men at the end of the last work 
period of the daj' indicated. During the first three 
to four daj'S there is a progressive and rapid 
improvement in heart rate and rectal temperature, 
which thereafter levels off at values somewhat 
higher than those obtained under similar circum- 
stances in the cool environment. 

Physical condition. Although exceptions occur, 
men in good physical condition generally acclima- 
tize to heat more rapidly than men in poor condi- 
tion. Moreover, the fit men are capable of a greater 
work-output in the heat with less sj-mptoms and 
less disturbance of their heart rates, rectal tem- 


peratures and blood pressures than are the less 
lit men. In this study the determination of physical 
fitness was based on the work performance of the 
men while in a cool environment. In evaluating 
physical fitness all of the factors previously 
discussed (the appearance and behavior of the man 
as well as the results of physiologic measurements) 
were taken into consideration. Those men were 
considered most fit who performed the prescribed 
work easily and energetically, without symptoms 
and with least disturbance of their heart rate, 
blood pressure and rectal temperature. 

The three men whose records are compared in 
chart 4 were from a group of eight men whose 



■ “OROUP'A AVERAGE OF 4 MEN (EACH GROUP) 

C* CROUP* B 

Chart 3. The course of the development of 
acclimatization as indicated by the heart rates, 
rectal temperatures and blood pressures in two 
groups of men exposed to desert heat at different 
times. 

phj'sical fitness was assessed before they' entered 
the hot environment. Three different observers 
gave independent ratings. All throe observers 
placed subject Sch. first. Two observers placed 
subject Kit. seventh, one observer sixth. I wo 
observers placed subject Lup. fifth, one observer 
second. Of the three men, Sch. was considered most 
fit, Kit. least fit, and Lup. intermediate between 
the two. 

Observations on each of these three men ncrc 
obtained at the end of the last work period on each 
of si.x days in the hot environment and compare* 
with measurements made on the last day in the 
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cool environment (chart 4). The more rapid im- 
provement in the pulse rate and rectal tempera- 
ture of subject Sell, is readily apparent. An equally 
rapid improvement took place in the general 
appearance and behavior of this subject. B5' the 
second day he was walking easily and with vigor. 
Note also the maintenance of blood pressure when 
erect. In contrast to Sch., the pulse rates, rectal 
temperatures and blood pressures of subjects Kit. 
and Lup. returned more slowly toward control 
levels. The general appearance and behavior of 
these two men likewise indicated a slower rate of 
acclimatization and subject Kit, always seemed to 
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Chart 4. The effect of phj'sical condition on the 
rate of development of acclimatization and on the 
efficiency of work after acclimatization has been 
attained. 

work with difficulty. Even after acclimatization 
had been attained by all three men the perform- 
ance of Sch. was superior to that of the other two 
men (see 9th day in hot environment). On the fifth 
hot day subject Kit. was prevented from walking 
by blisters on the feet. 

Activity prior to and dtiring acclimatization. Con- 
tinuing the preliminarj’ training period in a cool 
environment beyond that required to develop a 
satisfactory state of physical fitness does not 
increase the subject’s tolerance to heat on first 
exposure. Resting in the heat for the first three 
days increases considerably the ability to work in 
heat but the acclimatization thereby induced is 
only partial. Acclimatization is developed most 


rapidly bj' the daily performance of work in heat 
from the outset, the amount of work being pro- 
gressively increased within the capacity of the 
indmdual. 

The relative effect of these three factors on the 
process of acclimatization was determined, using 
twelve subjects divided into three equal groups. 
After the s.amc preliminary training for all men, 
one group (group A) continued to work in the 
temperate environment. The other two groups 
were taken into the hot environment and of the 
two. Group B rested while the other (group C) 
immediately undertook graded work which was 
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Chart 5. The comparative effects of prolonged 
training in the cold, of rest in the heat and of 
graded work in the heat on the performance of 
men in desert heat. The observations were made 
with the subjects in the erect posture. 

progressively increased. When group C was ac- 
climatized (4th day) all three groups were 
subjected to the regular work schedule in the hot 
environment. 

The comparative behavior of the three groups is 
striking (charts 5 and 6). The performance of the 
subjects in group C (graded work in heat during 
the previous 3 days) was substantially similar to 
their performance in the cool environment, with 
only slight elevation of heart rate and rectal 
temperature over the control levels. In contrast, 
the subjects in group .4 (working in heat for the 
first time following extended preliminary training) 
gave no evidence of acclimatization. The heart 
rate and body temperature was high in all men. 
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Only two of the four men completed the prescribed 
work and the condition of these two was con- 
siderably worse than that of the other men in the 
other groups. The performance of the four men in 
group B (resting in heat during the previous 3 
days) fell between the other two groups. All four 
men completed the required five work periods. 
Although the heart rates and body temperatures 
were higher than in their control state, and also 
higher than in group C, the performance of these 
men was consistently better than that of the men 
in group A. Thus, a partial state of acclimatization 
had been induced by rest in heat alone. 
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Chart 6. Same as chart 5 except that the data is 
for the subjects in the supine position. 

The severity of the facial flush parallels the other 
evidences of lack of acclimatization to heat. 

Contiwued strenuous tvork from first exposure to 
heat. Strenuous work on first exposure to heat is 
not well tolerated. Twelve (12) unacclimatized 
men were asked to perform the full five work 
periods (12.5 miles) on their first day in the hot 
environment. Four men became exhausted (after 
the third or fourth Period) and were unable to 
complete the task. The eight who completed the 
work did so with diffieult 3 q finishing in poor shape 
and with high heart rates and rectal temperatures. 
The ability to complete strenuous work in the heat 
on the first exposure does not necessarily indicate 
acclimatization nor the ability to continue to work 
in the heat. Maintaining work at a strenuous rate 
from the outset leads to a progressive deteri- 
oriation of performance. After two or three da^'s 
many men become disabled and those who con- 


tinue to work do so ineffectively and inefficiently, 
This is in contrast to the progressive improvement 
of men subjected to a schedule of gradually 
increasing work in heat. 

The performance of one of the subjects illus- 
trates this point (chart 7). The data were obtained 
at the end of each work period on the last day in 
the cool environment and on each day in the heat. 
During the first day in the heat this subject com- 
pleted five work periods with only moderate 
difficulty. On the second day in the heat, however, 
he could complete but three work periods. On the 
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Chart 7. The effect of maintaining strenuous 
work from first exposure to heat. Progressive 
deterioration of performance and disability re- 
sults. 

third day he was forced to stop in the middle of the 
first period. It is of interest to note the low blood 
pressure on this day in contrast to the more nearly 
normal rectal temperature and heart rate and to 
compare these data with those obtained at the 
end of the fifth period of the first day in the heat, 
at which time he was still in fair shape. After 
dropping out in the first period of the third da) , 
this man rested the remainder of that day' an ^ 
drank much salted water. On the next (4th) c aj 
he finished five work periods in good condi tion ant 
with a heart rate and rectal temperature appio.xi 
mating those recorded after similar work in t 
cool environment. Despite the exhaustion resu 



FEDERATION PROCEEDINGS 


151 


ing from too strenuous work during the first three 
days in the heat, this man had attained a large 
degree of acclimatization by the fourth day. 

Intolerance to heat and heat exhaustion. Develop- 
ment of symptoms of intolerance to heat and even 
heat exhaustion during the early days of e.xposure 
to heat do not retard the rate or decrease the 
degree of acclimatization finally attained, provided 
that when such disability occurs work is discon- 
tinued, rest is permitted and water and salt are 
given. When work is resumed it should be within 
the capacity of the individual. 

Chart 7, which illustrates this, has already been 
discussed. Chart S represents a similar, but more 
severe, situation in another subject. The data 
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Chart S. Heat intolerance to the point of heat 
exhaustion does not retard the development of 
acclimatization if rest, water, and salt are pro- 
vided when disability occurs. 

obtained at the end of each work period of each 
day in the heat are plotted and compared with the 
observations on the last day in the cool environ- 
ment. On the first day in the heat this man could 
complete but four work periods when fatigue 
forced him to discontinue. On the second day he 
finished only two work periods; on the third day 
only one. Note the high heart rates and rectal 
temperatures reached on these days and the 
progressively decreasing blood pressure (chart S). 
The appearance and behavior of the subject like- 
wise indicated a progressing deterioration. On the 
third day ho was quite ill; exhaustion, abdominal 
cramps, nausea, vomiting and marked apathy 


indicated heat exhaustion. After a liter of physi- 
ologic salt solution was administered intraven- 
ously the nausea, vomiting and abdominal cramp? 
ceased. He rested for the remainder of that day 
and drank salted (0.1 per cent) water copiously. 
On the next (4th) day and the daj's thereafter he 
completed five work periods without difficulty', 
always finishing strongly and appearing to be 
acclimatized. This improvement was accompanied 
by' a reduction of the heart rate to values equalling 
those obtained in the cool environment but the 
rectal temperature continued to rise to high levels 
(102°F.). 



Chart 9. Course of the acclimatization resulting 
from intermittent (every third day') short (4 
hours) exposure to desert heat. 

Compare with charts 1 and 3; continued exposure 
to heat. 

Single exposures to heal at intervals of three days. 
The following three conclusions are based on data 
derived from eight subjects who performed two 
periods of work during a four hour e.xposure to 
heat every' third day' and who spent the inter- 
vening time in a cool environment: (1) A single 
relatively short period of work in the heat induces 
but little acclimatization, (2) a number of such 
exposures separated by two days in the cool 
environment results in acclimatization, (3) the 
major portion of this acclimatization, for the 
abox'c work requirement, is produced by' three or 
four such exposures to heat. 

Representative observations on subject Mel., 
taken at the end of each work period during the. 
four-hqjir exposures to heat, arc shown in ■ 
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During each exposure two periods of work were 
performed, separated by one hour of rest. The first 
exposure to heat was badly tolerated and caused 
weakness, nausea, vomiting and syncope when in 
the erect posture. The second e.xposure produced 
similar but less severe s 3 'mptoms and vomiting 
was absent. Thereafter work in the heat was 
accomplished without difficulty and with increas- 
ing ease. The associated changes induced in the 
heart rate, rectal temperature and blood pressure, 
and their regression, paralleled the findings 
already described for subjects continuously ex- 
posed to the hot environment. (Compare chart 9 
with charts 1 and 3.) In this subject there was a 
particularly striking postural hypotension during 
the first three exposures to heat with a return of 



Chart 10. Course of the development of accli- 
matization to severe exertion of short duration 
(bicycling 10 minutes each hour). 

Compare with charts 1,3 and 9. 

the blood pressure to normal as acclimatization 
developed. 

Short periods of severe exertion. Men performing 
severe work of short duration in the heat show 
changes, which in their pattern and readjustment 
are similar to those following less severe work of 
long duration (marching). The severe exertion 
consisted of pedalling a stationary bicycle for ten 
minutes each hour. The observations plotted in 
chart 10 are from a typical subject and were taken 
at the end of the first “ride” of each day. 

The high rectal temperatures and pulse rates 
produced by this exertion become progressiveR' 
less marked as work in the heat is continued. 
Levelling off is attained by the fourth or fifth daj'. 
In one respect the readjustment differs from that 
observed for the more moderate work of marching. 
The resting level, rather than the increas* caused 


by work, determines the final level of the pulse 
rate and body temperature. Most subjects found 
these short bouts of severe exertion less fatiguing 
than the prolonged but moderate work of 
marching. 

Rest at night. Adequate rest at night is essential 
for good work performance in the heat, even in 
acclimatized men. Deprived of it, men work 
inefficiently the next day. 

The data obtained on subject Mel. after the last 
(second) work period of each day are given in chart 
11. This subject belonged to that group which 
performed two periods of work during a four hour 
exposure to heat everj' third day. The night before 
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Chart 11. Temporary deterioration of per- 
formance resulting from inadequate rest on the 
previous night. 

his fifth exposure he failed to obtain adequate rest. 
His performance during the next day was almost 
as poor as that on his first exposure to heat and he 
completed the work with difficulty. Here again the 
true state of the subject is not indicated by the 
heart rate and rectal temperature. During the 
fifth exposure thej’’ are higher than during the first 
and second, yet the subject was in a better con- 
dition. There was no headache, nausea, vomiting 
or syncope in the erect posture, symptoms whic 
had rendered him totallj^ incapable of further 
effort on the first day in the heat. 

The poor performance during the fifth e.xposure 
to heat did not retard further improvement. 
the much improved performance during the si.xt i 
exposure. 
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Duration of accliinalizalion to heal. After removal 
from the hot environment acclimatization to 
desert heat is well retained for at least one week 
and probably for two weeks. Thereafter, a variable 
but more rapid loss ensues so that after one month 
the major portion of the acclimatization is lost by 
most men. Some men, however, retain a consider- 
able degree of acclimatization for two months 
after leaving the hot environment. 

The data plotted in cliart 12 were obtained on 
seven men at the close of the last work period on 
the following days: The last day in the cool en- 
vironment (diagonal-lined column), the first day 
in the hot enviroment (cross hatched column). 



Chart 12. Duration of acclimatization to heat 
after removal from the hot environment. 


when fully acclimatized (open-block column) and 
the first day of re-e.vposure to heat (solid column). 
The obseia’ations for each individual are grouped 
together and separated by long vertical lines. 
“Interval” indicates the time between leaving the 
hot environment and first re-exposure to it. 

After two to three weeks there was a sharp loss 
in acclimatization as indicated by the failure to 
complete as many work periods, by the poor ap- 
pearance of the subjects and by the high heart 
rates and recta! temperatures (Sko., Foe., Ben.). 
Tlie vigorous and alert appearance of subjects 
Lup., iriin., and Mus., and the case with which 
they completed their prescribed work indicated a 
high degree of acclimatization despite their higher 
heart rates and rectal temperatures. Subject Sch. 


worked as well in the heat after a lapse of three 
Weeks as when fully acclimatized. 

Maintenance of acclimatization to heal. There are 
two requisites for the maintenance of a high degree 
of performance in the heat over a long period of 
time; a., the maintenance of good physical fitness 
and b., repeated exposures to heat, preferably with 
work, at intervals of one month or less. 

Of the three subjects considered in chart 12A, 
subject S was never in good physical condition, 
subject M remained moderately fit and subject W 
only fairb' so. The strikingly poor performance 
of subject S when he walked in the heat after a 
lapse of 37 days indicated that he had not only 



a SU8JECT S 

Chart 12 .Al. The relationship of physical fitness 
to the retention of acclimatization after removal 
from the hot environment. 

lost all of his acclimatization but was in far worse 
condition than at any previous time. This was 
attributed to loss of fitness as well as of acclimati- 
zation in the interval. 

The more fit subject (M) had a much better work 
performance than the less fit subject (\V) when 
re-exposed to heat after a lapse of 16 days and 37 
days. This was indicated not only by the lower 
heart rate and recta! temperature of subject M 
but also by the fact that of the three men re- 
exposed to heat after a lapse of 37 days he was the 
only one able to complete the five work periods. 

The need for re-exposure to heat in order to 
maintain acclimatization is indicated in chart 13. 
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Here are plotted the observations made on one 
subject at the close of each work period on the 
fast (5th) day in the cool environment, on the first 
four days in the hot environment, and on re-ex- 
posure to heat 44 and again 47 days after leaving 
the hot environment. Initial acclimatization to 
heat was rapid and by the third day, five work 
periods were performed without difficulty and with 
heart rate, rectal temperature and blood pressure 
approximating those for the cool environment. On 
the first re-exposure to heat 44 daj's after leaving 
the hot environment, the subject was unable to 
continue after the fourth work period. At that 
time he was almost exhausted, the heart rate was 


loss in body weight either over a unit of time or 
during the performance of a given task (here a 
walk of 2.5 miles). 

Chart 13A is a histogram of the weight lost by 
the men in the hot room during rest and during 
marching. The data indicates that men carrying 
a 20 pound pack and walking 2.5 miles per hour 
lose about one liter of water per hour. This loss 
and requirement is the same whether the men are 
acclimatized or unacclimatized, whether water is 
restricted to one-half of the required amount or 
forced to amounts equal to the Weight lost. The 
requirement for acclimatized men at rest was 
one-half of that at work; one-half liter. 



Chart 13. Reacclimatization following a single 
work exposure in the heat after loss of previous 
acclimatization due to prolonged absence from the 
hot environment. 

more rapid than at an 3 ' other time and the rectal 
temperature was high. But this exposure re-in- 
duced a great deal of acclimatization for on a 
second re-exposure to heat three da 3 's later he was 
able to work as long and almost as efficientl 3 ’’ as 
he had when well acclimatized to heat 47 da 3 ^s 
previously. 

Water requirements. In desert heat man main- 
tains a normal bod 3 ' temperature onl 3 ' b 3 ' virtue 
of the cooling effect produced b 3 ' the evaporation 
of the water of sweat at the skin surface. If proper 
tissue h 3 'dration is to be maintained and bodil 3 ' 
functions continue efficientl 3 ' this lost water must 
be replaced. The amount of water lost, and hence 
the water requirement, is best indic.atcd by the 
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Chart 13A. Rate of weight (sweat) loss of rest- 
ing and working men. 

Increased water intake. Thirst is an inadequate 
guide to the fluid required to work in the heat. 
No man drank enough water voluntaril3' to replaee 
that lost in the sweat while working and all de- 
veloped water deficits. Increasing the water intake 
during work to an amount (1200 ml. per hour) 
equal to the water lost b3' sweating increased t le 
amount of work which was accomplished on t ic 
first exposure to heat. 

Twelve men were asked to work the full nc 
periods during their first da3' in the hot^ room. 
Nine men received water in amounts sufficien ^ o 
quench their thirst (600 ml. per hour), 3 receivet 
water in amounts (1200 ml. per hour) equal to tlie 
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weight (sweat) lost. These three men all finished 
the five work periods without groat difficulty. In 
contrast, four of the other nine men became 
e.xhausted after three or four work periods and 
could not continue. Those who did finish were in 
poorer condition than the men whose water intake 
was intentionally increased. 

In chart 1-t the cfTocts of slight wafer rcstruction 
(6-Hters per day) are compared with those of full 
water replacement (9 lifers per day), in two groups 
of three men each, on their first and fourth days 
in the hot environment. Each column represents 
the averaged data for the group. Observations 
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Chart 14. The comparative effects of slight 
water restriction and of full water replacement on 
performance during initial exposure to heat and 
on the development of acclimatization. 

were made at the close of each of the five work 
periods on the last day in the cool environment and 
the first and fourth days in the hot eavironment. 
In order to determine whether the course of accli- 
matization had been altered by the changed water 
intake all men in both groups were permitted to 
drink as much water as they chose on the fourth 
day. jNIen who did not complete five full periods 
have been excluded. 

Although the group in which water was forced 
to full replacement showed smaller disturbances 
of vigor, behavior, pulse rate and rectal tempera- 
ture during their first day in the heat, the degree 


of acclimatization attained by both groups by the 
fourth day was the same. 

IFatcr restriction. Sudden restriction of the water 
intake of well-acclimatized men at work to one- 
half of the optimal requirement induces changes 
similar to those which appeared in the men on first 
e.xposure to heat when they were unacolimatized. 

In chart 15 are plotted observations made on 
each of four well-acclimatized men. Their perform- 
ance at the close of each work period on the day 
(9th) when water was restricted to 4 liters per day 
is compared with that following the fifth work 
period on a day (4th) when they received as much 
water as they desired. The deterioration in per- 
formance resulting from water restriction is 
apparent in the higher pulse rates and rectal 
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Chart 15. The effect of water restriction on the 
performance of well acclimatized men. 

temperatures and the low blood pressures. Subject 
Nor. was incapable of continuing after the third 
period and the other men finished five periods with 
difficulty. 

An important change which the chart does not 
show was the actual condition of the men, their 
low morale and lack of vigor, their glassy eyes, 
their apathetic, torpid appearance, their “don’t- 
give-a-damn-for-anything” attitude, their un- 
coordinated stumbling, shuffling gait. Some were 
incapable of sustained purposeful action and were 
not fit for work. All they wanted to do was rest 
and drink. 

Progressive restriction of water was tolerated 
better than sudden restriction. For sudden re- 
striction the intake was reduced on one day to 
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4 liters. Progressive restriction was carried out 
by limiting the intake from the optimum level of 
8 L/day to 6 L for the first day, 5 L for the second 
and third day and to 4 L for the fourth day. The 
gradual restriction of water intake resulted in 
physiologic disturbances similar to, but less severe 
than, those observed from sudden water restric- 
tion. Again men were incapable of performing as 
much work as when water intake was adequate. 

Cross acdiinatizalion to jungle heal. Acclimatiza- 
tion to dry (desert) heat increases markedly the 
ability of men to work efficiently and effectively 
in moist (jungle) heat. 

Three men were fully acclimatized to desert heat 
and si.v men were trained to work in a cool environ- 
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Chart 16. The effect of previous acclimatization 
to dry (desert) heat on the ability to work in moist 
(jungle) heat. 

ment. All nine men then worked in a simulated 
jungle environment; drj" bulb 90°F to 91 °F, wet 
bulb 88°F to 89°r, relative humiditj’’ 90 per cent 
to 96 per cent. The averages of the data obtained 
on each group of men at the close of the last work 
period in the cool environment, and at the end of 
each work period of the first day in the hot moist 
(jungle) environment are compared in chart 16. 
The performance in desert heat, (as expressed by 
average data for the desert group) is plotted be- 
tween the heavy vertical lines. The first column 
represents observations made at the close of the 
fifth work period of the first day in the desert 
heat; the second column, the data from the fifth 
work period of the third day, when desert-accli- 
matized. 


On the first day in hot moist (jungle) heat five 
work periods were completed by each of the desert- 
acclimatized men; two men finishing strongly and 
easily and the third with some difficulty. Of the 
si.v men not previously exposed to a hot environ- 
ment, four were able to complete only two periods 
of work, the first and third, while the other two 
completed three, the first, third and fourth. Not 
only were the desert-acclimatized men capable 
of a greater work output but the work was per- 
formed more efficiently than was the smaller 
amount of work done by the other men. 

The performance of the desert-acclimatized 
men, however, was not quite as good as it had been 
in the cool and desert environments. 

Discussion. A consideration of performance in 
hot environments immediately resolves itself 
into the problems of the unacclimatized man and 
the problems of the acclimatized man. 

Of the factors influencing performance in the 
heat the process of acclimatization is of greatest 
importance. The present study does not pretend 
to e.vplain the mechanism of this complex process 
nor does it present all the known physiological 
changes associated with this amazing adaptation. 
Our rather empiric observations do, however, 
clarify the general principles governing acclimati- 
zation to heat and indicate the need for regulating 
the activity of men according to these principles if 
they are to work effectivelj' and efficiently in the 
heat without undesirable symptoms and without 
disability. 

Except for a relatively small number of “heat 
tolerant” individuals most men experience un- 
desirable and even disabling symptoms on at- 
tempting hard work when first e.vposed to the heat. 
These effects are of varying severity in different 
subjects but as a rule they cause most men to 
perform as “unfit” men who must be trained, i.e., 
acclimatized, for their environment. The 
physically fit may be affected as severely as the 
unfit. Until acclimatization is attained a man in 
excellent physical condition may, on working m 
the heat, be reduced to an extremely poor physical 
state or even become completely disabled. In the 
unacclimatized state, therefore, the concepts of 
performance and physical fitness based on obser- 
vations in temperate environments arc not always 
valid. Because of this, it is not possible on the 
basis of tests performed in temperate environ- 
ments, to predict which men will suffer greatest 
disability when first working in the heat, 
acclimatization ensues the more fit subject again 
becomes capable of a greater and more efficient 
performance than the less fit. In the acclimafizec 
state, the concepts and criteria of fitness anc 
performance formulated in temperate environ 
ments again hold true. Since acclimatization is 
usually readily (4-5 days) attained it follows tliat 
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the pliysically fit man is the best man for work in 
the heat, just as in any other environment. It is 
merely necessary to train him properly through 
those several days when ho is rendered temporarily 
unfit by the hot environment. 

The performance of the acclimatized man in the 
heat is influenced by the same factors as those 
which influence his performance in a temperate 
environment. However, since the hot environ- 
ment imposes a basic load in addition to the work, 
performance in the heat is more readily disturbed 
by those factors which impair performance in any 
environment; loss of rest, lack of food and lack 
of water and salt. Of these the lack of water and of 
salt are especially critical. Only by the evaporative 
cooling of his sweat can man live and work in 
desert heat and onlj' by replacing the water lost 
in the sweat can work and life be continued. When 
the water loss is not replaced performance de- 
teriorates greatly and rapidly (within hours) and 
if the water deficit is maintained disability results. 
Since much salt is lost with the sweat it too must 
be replaced, otherwise the depletion of bodilj' 
stores of chloride leads to a deterioration in 
performance. 

Aside from the above discussed consideration 
peculiar to and imposed by the hot environment, 
performance in the heat, like performance in the 
cool, is dependent on physical fitness. A discussion 
of the nature of physical fitness, methods of de- 
termining it and its relation to performance fall 
beyond the scope of this communication which 
deals rather with the effect of hot environment on 
performance. Nevertheless a consideration and 
evaluation of physical fitness formed an integral 
part of our observations. 

Like acclimatization, physical fitness appcai-s 
to be a complex physiologic manifestation not 
completely defined in all of its aspects, difficult to 
measure quantitatively among members of a 
group. Again like acclimatization, physical fitness 
cannot be defined nor can differences be detected 
by means of a few simple physiologic measure- 
rnents (heart rate, body temperature, blood 
pressure) obtained during limited tests (step test, 
pack test, long march). To do so results in focus- 
sing attention on some small segment of the whole 
process and this at times gives an entirely 
erroneous concept. Man is not a pulse rate, a 
rectal temperature, but a complex array of many 
pbonomona. The same is true for acclimatization, 
physical fitness and performance. It is always 
necessary, therefore, to consider the man as a 
whole— his behavior, appearance, complaints, 
physiologic measurements and from this whole 
draw an estimate of those complex processes. 

Into performance enters the baffiiug yet c.x- 
trcmelj’ important factor of motivation, the 
will-to-do. This cannot be measured and remains 


an uncontrollable, quickly fluctuating, disturbing 
variable which may at any time completely alter 
the performance reg.trdloss of physical or physio- 
logic state. 

How greatly character is affected by a hot 
envirotunont has scarcely been approached in any 
study. Nonetheless, in the heat, as in the comfort 
zone, character, as well as physique and physiolo- 
gical state, determine performance. 

SU.M.VIARY 

1. Performance in hot environments depends 
greatly on the state of acclimatization. 

2. A man acclimatized to heat works in the heat 
with a lower body temperature, lower heart rate 
and a more stable blood pressure, than when not 
acclimatized. Nevertheless, acclimatization to 
heat cannot be measured by these criteria alone, 
as thej' do not necessarily correlate with the man's 
behavior and ability to work. The man as a whole 
must bo considered and ev’-aluated. 

3. Acclimatization to heat begins with the first 
exposure, progresses rapidly and is well developed 
by the third or fourth day. 

4. Subjects in good physical condition accli- 
matize more quickly and are capable of a greater 
work output in the heat than are men in poor 
physical condition. 

5. Continued training in cool environments 
beyond that necessary to attain good physical 
fitness does not further increase the ability to work 
in the heat nor shorten the period of accli- 
matization. 

6. Resting for three or four days in the heat, 
with activity limited to that required for sub- 
sistence, results in definite, but only partial 
acclimatization. Some work in the heat is 
necessary for complete acclimatization. 

7. Full acclimatization (the ability to perform 
a maximum amount of strenuous work in the heat) 
is attained most quickly by graded, progressively 
increasing work in the heat. 

S. Strenuous work on first e.xposure to the heat 
is not well tolerated and will often result in 
disability. If such work is maintained for sev'eral 
days many men vvlll become incapacitated and 
those vvho continue to work do so ineffeotiv'ely 
and inefficiently. 

0. Intolerance to heat on first exposure, cvmn to 
the point of heat exhaustion, does not retard the 
rate of acclimatization or lessen the degree which 
is finally attained, provided work is discontinued 
vvlien symptoms appear, water and salt are given, 
and subsequent work is within the capacity of the 
subject. 

10. Three or four e.xposures to heat of 3 or 4 
hours duration with two ono-liour work periods 
during each exposure, will produce a considerable 
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degree of acclimatization. These exposures may 
be separated by intervals of two days in a cool 
environment. 

11. The pattern of acclimatization is the same 
for short severe exertion as for moderate work of 
long duration. 

12. Inadequate rest at night results in less work 
or less efficient work on the ensuing day, even b}'^ 
the well acclimatized man. 

13. Acclimatization is well retained for one to 
two weeks, after which it is lost at a variable rate. 
Most men lose the major portion of their accli- 
matization in one month — a few are able to retain 
it for two months. Men who remain in good phy- 
sical condition retain their acclimatization best. 
Repeated exposures to heat are required at in- 
tervals not exceeding one month, if a high degree 
of acclimatization is to be maintained for long 
periods of time. 

14. The amount of work accomplished on first 
exposure to heat can be increased bj’' drinking 


water in amounts equal to the weight (sweat) lost 
during work. The rate and final degree of accli- 
matization attained are not influenced hy the 
water intake (foreed, moderately restricted, or 
taken as desired) during the first two or three days 
of work in the heat, provided that after this initial 
period men are permitted as much water as desired. 

15. Suddenly restricting the water intake of men 
working in the heat leads to a deterioration of 
morale and motivation, reduces greatly the 
efficiency with which work is performed, decreases 
the total work output and causes disabling symp- 
toms in many men. This holds for even the well- 
acclimatized man. Gradual reduction of wafer 
intake induces changes similar to sudden restric- 
tion, differing only in that they are produced 
more slowly. 

16. Acclimatization to hot dry (desert) environ- 
ments inereases markedly the ability of men to 
work efficiently and effectively in hot moist 
(jungle) environments. 
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How does the desert tax the human body? 
Heat often comes to the body at rapid rates from 
sun and air. Water is sacrificed by the body to 
dissipate that heat; sources from which to replace 
the water are few. The circulation is driven faster 
to transport heat to the body surface for dissi- 
pation. Salt is expended in sweat. The alimentary 
tract is called upon to absorb unusual quantities 
of water and salt; and to resist any diarrhea or 
vomiting that will rapidly deplete the body of 
these substances. The same wind that helps to 
evaporate the sweat also brings dust to lungs and 
eyes. The same incessant sun that heats the body 
exposes the eyes to glare and the skin to burn. 
Such are the unusual stresses that make demands 
upon the physiological equipment of man. They 
differ only quantitatively from those in more 
habited climes. 

Physiological fitness is a proper study because 
men are functionally unequal. By fitness I refer 
to those properties that make or break a man’s 
performance. There are, therefore, just as many 
kinds of fitness as there are kinds of performance 


expected of him. It seems preferable to consider 
those broad types of performance that fall to every 
man who has no air-conditioned space to work ui. 
What difference does it make in those performances 
whether he is in the desert or in a more popular 


community? 

Heretofore fitness has been studied with respect 
to athletic performance and to flying performance. 
It seems that the activities of living in the desert 
require as much fitness and deserve detailed study. 
Fitness varies. Evidence that fitnesses differ 


)ng individuals is found when men arc given a 
d rate of work in S-hour days (fig. !)• Some then 
able to complete this work at much higher 
peratures than others. At anj’^ one hiimidit} , 
:equency distribution of individuals appear 
1 respect to maximal temperature. Those v w 
perform only at the lower temperatures are 
dicapped compared to their fellow^ ^yoI mi.s. 
timidity has a large effect in deterrnining m" 

1 a temperature can be endured; in the ow 
lidities a percent decrease in relative humnlity 
Imost as helpful as a Fahrenheit degree < imi 
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nution in tcmperatuie. At rest the effect of humi- 
dity is less. Clothing helps man to endure diy 
he.at .and sunshine; but in wet heat may be a 
hindrance. A temperature of 130°F with a relative 
humidity of 10 per cent is maximal for most desert 
areas. 

Evcrj’ group'of people in the desert recognizes 
that some individuals can endure extreme con- 
ditions longer than others. Some work at a Fast 
pace, others at a slow pace, quite aside from their 
differences in another climate. Some are exuberant 
when others are dispirited. What functional bases 
can be found for these differences? If such bases 
are once understood, fitness can be assessed. 



Fig. 1. Climograph for upper limits of tempera- 
ture and humidity endured by men indoors. Solid 
lines enclose the range of conditions that can be 
tolerated by diverse men working at a moderate 
standard pace, according to data of Newburgh, 
Herrington and Gagge (1913). Broken lines indi- 
cate average of conditions just endured by certain 
men at rest with and without clothing; data from 
Winslow, Herrington and Gagge (1938, p. 701). 

How do men come to possess these differences? 
Are men created unequal? How much is born in 
them, how much is developed in early life, and 
how much is latent, to be manifested after repeated 
exposures? 

With respect to heat dissipation, it is clear that 
a man without sweat glands is unfit. With respect 
to reception of radiation, an albino individual is 
under grave disadvantages. Hence, some of the 
grosser forms of unfitness are congenital. 

Probably many factors have only a partially 
congenital basis. Kuno (193Sn) found that the 
number of active sweat glands is significantly 
greater in Filipinos than in Russians. But this 
was not necessarily an inherited ch.aracteristic, 
for the number of active glands becomes greater 
during the first two years after birth (Kuno, 


1938b). The suggestion is that exposures to heat 
in those years may permanently augment the 
the available glands. Possibly this phenomenon 
represents an opportunity for any race to develop 
a population of super-sweaters who can later 
revel in the desert. 

The size of each sweat gland increases through- 
out childhood (Kuno, 193Sb), allowing consider- 
able latitude in its functional performance, it 
may bo supposed. So some factors of fitness are 
inherited, some are developed (perhaps partially 
in accordance with use), and some are acquired 
by acclimatization. 

Acclimatization. The difficulties presented to 
the human body by hot atmospheres are easiest 
seen in their extremes. In early work in hot rooms 
I found (Adolph, 1924) that men became exhausted 
to a state of circulatory failure. This shock-like 
collapse represented an inability of the peripheral 
blood flow to fulfill the demands made upon it. 
It meant that the transport of heat to the body 
surface ta.xed the circulation continuously and 
immoderately. At that time it was not suspected 
that the circulation of blood has any means of 
obviating its difficulties. 

Many years later, this time in the desert itself, 
I saw the processes of acclimatization going on 
(Adolph, 1938). I saw myself doing tasks on the 
tenth day after arrival in June in Boulder City, 
Nevada, that were utterly impossible on the first 
day. Acclimatization was a real thing; it involved 
circulatory adjustments to promote losses of heat 
whereby the body temperature stayed low even 
in rapid work (fig. 2). Heat was now dissipated 
by more ready production of sweat. It was also 
apparent that individuals differed enormously 
both before and after acclimatization (Dill, 
1938, p. 42). 

The sweat glands functioned more readily after 
acclimatization. During standard walks, instead of 
freely secreting sweat only after the rectal tempe- 
rature became elevated 2 or 3 Centigrade degrees, 
the body now formed enough sweat before the 
temperature had risen one degree. Dill et al. 
(1938) showed also that the concentration of salts 
in the sweat diminished when the body tempera- 
ture stayed lower; this resulted in a marked con- 
servation of salt in the body, as though faster 
sweating involved less escape of solute. 

Yet acclimatized individuals differed among 
themselves in respect to circulatory performance, 
sweat formation and salt conservation. Those 
indix-iduals who sweated easily were not always 
the same ones who secreted the most dilute sweat. 
In fact there was no apparent correlation; and 
tliis illustrates the fact that separate sieves are 
required to detect the various virtues which men 
may possess. 

The changes in response of the body to repeated 
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or continuous exposure often make the difference 
between success and failure in the desert. The 
striking aspect is that all the known changes are 
such as tend toward success and comfort. In a 
sense, a new physiological constitution is tempo- 
rarily acquired. 

The circulatory system behaves differently 
after exposui-es to heat by reducing the initial 
venous engorgement (Scott et al., 1940), by pro- 
moting blood flow without pooling in the 
periphery, and by diminishing the pulse rate. 
The body temperature is thus kept low during 
moderate effort (Adolph, 193S). Sweating is now 
elicited more readily through the usual refle.xes 


CO 



FIRST HOUR ~'C 


Fig. 2. Losses of weight bj'^ sweating in relation 
to gains of rectal temperature in the first hour of 
daily walk in one man. The days of exposure to the 
desert are numbered serially; the air temperature 
varied on diverse days. From Adolph (1938, p. 
494). 

and through the humoral and local stimulations of 
sweat glands. The body has become prepared for 
actions that combat heat at a lesser provocation. 
Somewhat more water is used to dissipate the 
heat, for the body temperature is lower despite 
somewhat more gain of heat from the environment. 

Other circulatory changes upon exposure to 
warm temperatures have been described. Such 
are- transient increase in plasma volume and in 
n-hole blood volume (Bazett el al., 1940), tempo- 
rary increase in cardiac output, increase m blood 
flow in fingers (Scott et al., 1940), and gradual 
decrease in rate of basal oxygen consumption 


(Burton el al., 1940). It is noteworthy that most 
of these modifications arc temporary, as though 
they were first aids to getting along with the heat; 
these aids later become unnecessary. Even the 
loss of heat by radiation is said to improve after 
the first two or three days of exposure (Burton 
cl al., 1940). 

One important question is; does acclimatization 
to heat hold equally for conditions of intense 
radiation, of high convection ,and of humid tropi- 
cal atmospheres? Or is it specific for each? No 
doubt the responses of acclimatization overlap 
considerably; but in so far as heat is dissipated 
differently in the several environments, different 
degrees of modification may exist in the con- 
stituent processes. Acclimatization occurs even 
when no work is done. In fact it is likely that there 
are just as many kinds of acclimatization as there 
are kinds of fitness; and fitness is by definition 
different for each precise environment and each 


kind of duty. 

How it feels to be catapulted into the desert 
unacclimatized is vividlj^ pictured by Stott (1936). 
Engine trouble required an airplane to land 13 
men in Arabia at 4 a.m. of a summer day. By noon 
the temperature was 125°F and the men were 
unable to stand without breathlessness. When a 
rescue plane arrived at 2 p.m. only 11 of the 13 
were able to walk with the greatest difficulty the 
mile necessary to board the new plane. 

What is this acclimatization which does such 


;reat things physiologically? It seems to be a 
atent capacity that comes to realization under 
ippropriate stimulation. One hypotheses is that 
be range of environments may be so great th.at 
.he organism cannot at one time be ready to cope 
vith all of them to the optimal extent. Hence it 
ibifts its readiness so as to meet the most prevalent 
lircumstances. The properties rvhich allow this 
ihift are none the less inherent, in so far as they 
;ome to realization when elicited. 

But the ability to acclimatize varies greatly 
imong individuals (Dreosti, 1935). Just as circu 
atory functions and neuromuscular responses 
liffer, so the modifications that these functions 
ind responses undergo when stimulated also i ec. 

Acclimatization to the desert is as rapid as i is 
Iramatic. For two or three days in the summer 
lesert a man is uncomfortable and lazy, po'^ 
ibout the fourth day he suddenlj' finds i c M 
oyable again. He wants to be vigorous, n 
ndividuals changes can stilt be detecte ^ 

■cn da 3 -s (as, in rates of sweating, Ado p i, > 
ind it is very likely that some processes are st 
ipproaching asymptotic rates for manj "ce 

”f” rtu„.tcly, »ccl™.fca.ion t„ the teett o«« 

required is retained for ^ jn 

exposure. Intermittent exposure is e ic. 
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inducing the characteristic changes; indeed, 
development of them probably proceeds in inter- 
vening periods. A few hours of initial exposure 
have detectable effects a week or two later, for 
then the pulse is not so greatly accelerated by a 
given stress. 

The characteristics of men which change with 
acclimatization to heat are, therefore; 


Pulse rate 

decreases 

Pulse pressure 

decreases 

Body temperature 

decreases 

Rate of sweating 

increases 

Concentration of sweat 

decreases 

Basal Os consumption 

decreases 

Work output 

increases 

Endurance 

increases 


How appraise fitness} Since fitness is a set of 
characteristics that can be identified, it can be 
measured. It is measured by performances in 
extreme conditions. While these conditions are 
predominantly those of heat, it seems unwise to 
leave out of consideration any characteristic 
that is related to performance. 

Perhaps the fit of a man to the desert can be 
likened to the fit of a glove to the hand. The 
glove is expected to fit mechanicall}', and also to 
fit functionally. A person who has but one pair 
of gloves has to use them on bitter cold days and 
on merely cool days. So the desert is not fixed in 
what it requires of the man; on some days he en- 
counters intense radiations, on other days hot 
winds, on other days dense dust. But the man who 
fits the most prevalent conditions with most 
functional adequacy, is the man who finds himself 
at home in the particular part of the desert in 
which he is. 

What are the human characteristics which are 
optimal for work in the desert? No one is interested 
in the fitness of a man who will stay in bed or in 
an air-conditioned car all the time he is in the 
desert. Therefore, the duties to be performed 
enter into the assessment of fitness. Those duties 
either in war or in peace are so various that no 
one of them can be picked as typical. For, some 
new machine may revolutionize desert duties 
sooner than a physiologist can design new tests 
of fitness. 

For these reasons it seems advisable to recognize 
only general catagories of fitness. A man may be 
expected to walk but not to run; to stand but not 
to stand long at attention; to coordinate but not 
to do mathematical research. Therefore, physiolo- 
gists might agree upon some sort of walking test, 
some sort of postural test, and some sort of mani- 
inilativo test. Shall the performances emphasize 
perfection, rate, endurance or all three? 

Criteria of fitness in the desert are of at least 
three sorts. They may (1) characterize the per- 


formance of those who have formerly lived in the 
desert for some length of time; they may (2) 
represent men who are fully acclimatized; or 
they may (3) take as fit, men having high values 
of those measurements that are known to become 
high during acclimatization. In every case men 
who do similar activities in some other climate are 
serving as control. In each comparison those men 
who endure longest or accomplish most in certain 
tasks are considered most fit. 

(1) So far no description appears to be available 
for the characteristics of men who formerly lived 
with success in the desert. 

(2) Lendon (1938) attempted to find which traits 
belong to the fit man by comparing soldiers who 
had been in Peshawar (India) for 5 years or more 
with those who had been there for | year or less. 
The former had lower basal rates of o.xygen con- 
sumption, lower blood urea and sugar concentra- 
tions, and lower blood chloride concentration 
following a march. They sweated more for the 
same e.xertion. It is by no means certain that all 
these functions regularlj' differ from those in the 
newcomer. But if they do, were the men who stayed 
5 years selected from others who did not stay, 
or did fitness come upon them in course of time? 
Probably both factors appeared in mixture, and 
at present no one is able to tell whether natural 
selection among individuals, or impact of environ- 
ment upon the individual, conferred most of the 
fitness. 

Extensive investigation of groups of people 
living in semi-desert climates has failed to reveal 
clear biochemical or physical differences from 
those in temperate climates (Sundstroem, 1926; 
Talbott el al., 1933; Dill el al., 1940). 

The working capacity is much greater in men 
whose dissipation of heat is readier. Their 
mechanical efficiency is also slightly greater in a 
critical range of temperatures (Robinson cl al., 
1941). In a given individual the efficiency is less 
in the heat than in cool atmospheres (Yaglou, 
1937). 

(3) A provisional description of the fit man is 
provided by the characteristics which change as 
men acclimatize. Whatever properties (e. g., 
rate of sweating) numerically increase during 
acclimatization, those same properties may be 
e.xpected to be higher in the fitter man. Tiiia use- 
ful criterion is derived from the universal evidence 
that the acclimatized man is fitter than the same 
individual before acclimatization. 

Some physiological criteria of acceptable per- 
formance in the desert may at present consist in 
smallness of v.alues of rectal temperature, of pulse 
rate, and of pulse pressure. These are the changes 
actually seen to occur during acclimatization. 

In addition to criteria of this general sort, 
certain static characteristics of individuals are 
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recognized in part to be related to fitness. These 
are body build, high ratio of body surface to bo_dy 
mass, age, liigh density of active sweat glands, 
low resting pulse rate. 

The theory is widespread that a man who is fit, 
is fit for almost everything. I find little evidence 
to support either this view or its alternative. In 
so far as much physical effort is called for, the 
many stresses and tests have much in common. 
If, however, physical work be deemphasized, then 
the man who is fit for the desert is, perhaps, as 
likely as not zmfit for the tropics, for the arctic, 
for running, for flying. 

Upon which of these possibilities is substanti- 
ated, depends the feasibility of dividing a whole 
population into groups fit for diverse climatic 
regions. Every individual can supposedly be 
helped to find for what environment he is most 
eminently fitted. Conceivably men will not be 
at the top or the bottom of one ladder of fitness, 
but each will perhaps be near the top in some one 
type of activity and environment. His natural 
endovunents would then be put to the fullest use. 

How test fitness? Every group of persons faced 
with the necessity of picking workers for the desert 
will have to assent to one or another series of final 
performances as criteria of desert fitness. The 
■ bysiologist’s task starts from that point; he 
v'ses tests whose scores are shown experi- 

ontally to be correlated (in diverse degrees) 
with those performances. Only by hypotheses 
does he make short work of his experiments if he 
is able to guess what tests will ultimately turn out 
to be decisive according to those criteria. 

A test is a response to some standardized stress. 
The e.xact forms of test are multitude. Change of 
posture from lying to standing accelerates the 
pulse, raises the rectal temperature, and increases 
the systolic pressure. It is commonly agreed that 
those individuals in hot atmospheres who show 
least increment in each of these three measures, 
are the most fit. But the proof thereof is not very 
satisfactory. In cool atmospheres football stars 
often faint with prolong standing while physiology 
instructors do not (]Ma 3 "erson). Hence this test 
by itself may not be accepted as a whole criterion 
of "general” fitness. Much the same results are 
found whether the standing is active, or passive by 
means of a tilt table. 

The erect posture makes for poor return of 
venous blood. Not onl 3 ’- the tensions in blood 
vessels are crucial, but also the tensions in muscles. 
Henderson et al. (1935) suggested that muscles 
re 9 exl 3 ’- maintain high tensions in response to 
cooling of the skin; a warm skin makes for relaxa- 
tion and pools the blood peripherally. Heat alone 
might be insufficient to embarrass the circulation; 
but when heat and some other condition impinge 


together their effects arc not merely additive 
(Gregory and Lee, 1935) . 

Work tests are of the same nature; instead of a 
postural change, movement is required. But 
here the circulation is in part promoted by the 
movement itself. In actual tests, fixed tasks are 
performed by walking, bicycling, stepping, or 
shovelling. 

Dreosti (1935) had prospective miners repeat a 
standard shovelling test upon successive days in a 
chamber having air at 95°F and saturated with 
moisture. Some men had increases as great as four 
Fahrenheit degrees in oral temperature in one 
hour on the first day. Most of them had smaller 
increases each successive day, and after 4 da 3 's 
had apparently gained full tolerance to the heat. 
A few, however, showed little gain in tolerance 
even after one week. Thus the unfit were detected; 
they were thereupon kept out of the hot mine, 
after which the incidence of heat stroke fell to 
practically nothing. It is believed such repeated 
tests will sieve out those unfit for the desert; 
but no field results have been published so far. 

Various forms of walking and stepping tests 
have been used, and some few correlations with 
field performances in heat have been drawn up. 
None serve to insure top performance, but they 
usually detect those men who will perform much 
below the average. 

Like all empirical tests of physiological state, 
these "cardiovascular” tests ascertain some gen- 
eralized response to specific circumstances. There 
is no evidence that a hundred other tests would not 
be equally useful. What one looks for in such a 
test is ease of use, small error of measurement, 
high correlation with ultimate performance, high 
variability among individuals, and low variability 
in the individual on different days. In general, 
however, it seems much better to rely upon more 
than one test, thereby increasing the predictive 
pow'er and deemphasizing any one characteristic 
of the individual. I believe it is unlikely that any 
one test can be as decisive as several tests. 

It seems possible that measurements of static 
traits of the individual, such as weight, vital 
capacity, and chest circumference, may be by 
themselves as useful indices to fitness as the 
measured responses to fixed stresses. 

Comment. Evidentl 3 ' no single criterion of fitness 
is likely to be accepted, and no single test inform 
the physiologist of a man’s ability to meet .a^l 
criteria. By the same token, a psychologist s 
selection or a ph 3 'sician’s selection cannot suffice 
for all purposes; there is a special role for the 
physiologist’s .appraisal of fitness. Thatappraisa 
may be based upon exact correlation of the same 
sort as that by’ which one predicts the rate of base 
oxy’gen consumption from body size. It is to e 
established by the same sorts of exact mc.asurc 



FEDERATION PROCEEDINGS 


163 


ment, designed for the purpose, and analj'sed 
rigorouslj'. 

With the various tests available, can men be 
selected for life in the desert? No published results 
demonstrate whether selection can be successful 
or not. No single test or combination of tests has 
yet been specifically tried on a sufficient scale. 

Can men be preselected for their ability to 
acclimatize? No one seems to know what relation 
exists between characteristics before exposure to 
heat and those after exposure. But the methods of 
finding the correlations are fully ready; they are 
the standard procedures for ascertaining co- 
efficients of correlation between final performance 
and preliminary ratings. 

How specific is fitness for the desert? Again, no 
one knows. But the methods of observing how far 
those that are fit for the desert are also fit for 
tropics or mountains belong to all ph 3 ’siologists. 
Nothing seems more fundamental to the under- 
standing of man in relation to environment than 
to know which fitnesses conflict, and which ones 
reinforce one another. There is no evidence that 
high performance in the heat precludes high per- 
formance in the cold, or vice versa. 

Of the various stresses that impinge upon man 
in the desert, many are to be met by intelligent 
use of material aids. Dust is countered by a dust 
mask, glare by goggles, infrared radiation by 
helmet and porous clothing, water and salt losses 
by doing everything possible to insure adequate 
supplies of water and salt. 

So far air conditioning is not supplied in every 
vehicle and building. Yet in many ways “man is 
more indebted to the ingenuitj' of his mind than 
to the pliability of his body” (J. Johnson, 1821, 
p. 1). The factors for which no amount of thought 
can compensate are the “internal” ones, chief of 
which is probablj' maintenance of adequate blood 
circulation. After acclimatization has done its 
utmost for all men, those men who outlast others 
can be found by methods of the general sorts 
suggested. Hence most tests of fitness to be ad- 
vocated have to do with ciroulatorj' factors. The 
same bodily system that appears to break down 
first in aviation, athletics, and most other en- 
deavors, also limits most the man in the desert. 

Physiological regulations involved. The stresses 
from rapid turnover of heat, of water and of salt, 
from glare and dust, put strains upon the various 
sj'stoms of that bodj'. The responses to stresses 
are coordinated in accordance with the simulta- 
neous demands for heat transport, water distribu- 
tion, blood supply, and all. the rest. I think it is 
plain that fitness is a manifestation of the regula- 
tory capacities with respect to the many properties 
which the body is concerned to preserve. 

The organism has means of preserving each of 
its properties in a consistent fashion (Adolph, 


1943). Everj’’ time an excess of heat is present, 
losses of heat accelerate and gains of heat diminish 
when possible (bj' inhibition of extra heat pro- 
duction). When the body has a deficit of heat, 
heat losses are minimized and heat gains are ac- 
celerated. The heat content or body temperature 
that is preserved represents some common agree- 
ment among all the processes of heat gain and of 
heat losses. Thej”^ strike a balance or equality of 
heat e.xchanges. 

These processes of heat exchanges go into action 
with diverse provocations. The sensitivities to 
provocation vary among individuals; thej’ are 
also the factors that vary in the same individual 
with successive exposures. The pattern of agree- 
ment among the processes has then shifted. But 
the capacities to become modified are also diverse. 
In the end, each of the several processes of heat 
loss turn out to be sufficiently varied that some 
men endure what others do not. 

The diverse forms of phj’siological difficulty that 
hot climates bring to man are reviewed by Castel- 
lani (1938) . The chief breakdown of regulation to 
which man is liable is heat exhaustion. The man 
is still producing sweat and keeping cool, but he 
may become utterly miserable, with rapid de- 
creasing pulse and variable pulse pressure 
(Adolph, 1924; Weiner, 1938). Usually he needs 
merely to lie down in order to feel better. The 
shock-like circulatory failure appears to be the 
crucial element in his situation. If he is un- 
acclimatized he can improve his lot by subjecting 
himself to heat more graduallj’. But if he is alread 3 ' 
acclimatized, there is much evidence that ex- 
haustion will recur. He is one of the unfit. 

Conclusion. Fitness is the suitability or pre- 
paredness of the human bod 3 ' for operating in a 
specified manner in prescribed surroundings. 
The climate of the desert is a series of forces 
acting upon the several regulator 3 ' s 3 ’stems of the 
body. The systems respond, within limits, to 
demands of the environment. The abilities to 
respond, whether inherent or acquired, can be 
sized up to a small extent from static traits of the 
bodv’ and to a large extent from arbitrar 3 ' tests 
devised for the purpose. The specific tests still 
need to be developed and evaluated. 

Hani' of the disadvantages to which the bod 3 ' is 
e.xposed in the desert, such as dust and glare, can 
be obviated by protective devices. Others, such 
as requirements of water and salt, can be met b 3 * 
the utmost ensuranoe of their adequate suppR'. 
Internal factors that limit performance in the 
desert appear to be chiefli- circulatory. These 
factors are powerfull 3 ' changed b 3 ‘ acclimatization. 
After acclimatization has done all it can to im- 
prove the transport of blood, the onl 3 * means of 
avoiding exhaustion in more extreme conditions 
is to select individuals who are fit. .■’it present. 
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such individuals appear to occur at random; but 
there is some evidence that exposure to heat in 
infancy may enhance the abilities to compensate 
the stress of heat. 

The purpose of this paper is to present certain 
problems of desert physiology that seem ripe for 
solution. If men are to live in the desert with all 
the advantages for enjoyment of it that can be 


put at their disposal, these problems must be 
answered. Not to seek the answers is to assume 
that every man can overcome the limitations of 
bodily capacity by sheer determination of will 
power. In reality, the fit man can be identified 
from among his fellows, and his operating charac- 
teristics can be appraised in the most rigorous 
engineering terms. 
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PHYSICAL PERFORMANCE IN RELATION TO DIET 

ANCEL IvEYS 

T/ie Lahoralory of Physiological Hygiene, University of Minnesota Medical School, Minneapolis 


There is at present a widespread belief that 
physical performance, particularly in industry 
and in the Armed Forces, is frequently limited 
because of nutritional inadequacies and that, in 
general, vigor and muscular ability can be im- 
proved by better diets and the use of special foods 
and food concentrates. The trend of thinking 
among nutritionists has been in the same direction 
(34) (51) (160) (159) (217) (228) (353). 'Where real 
deficiencies exist there is little question that 
physical performance is hindered ; the real problem 
is what can be done by dietary measures to im- 
prove the performance of persons wdio are not 
clearly underfed or malnourished. The concrete 
facts which can be adduced are few; the relevant 
literature is voluminous but frequently unsatis- 
factory. The space allotted here would be in- 
sufficient to discuss only the fund.amental theories 
—and familiarity with the field leads to distrust 
of facile reasoning at the present stage of knowl- 
edge. On the other hand, most of the current ex- 


travagant claims for various dietary measures 
have some real or supposed theoretical basis. 
Mere tabulation of the various claims and reports 
ivould be largely a compendium of irresponsible 
conclusions and the results of uncontrolled 
“experiments.” The present treatment is a com- 
promise in which an attempt is made to record tiic 
majoritj^ of reports which have some claim to the 
experimental approach together with indications 
of theoretical bases. The result is that the in- 
dividual questions and articles are of necessity 
treated with the utmost brevity and critica 
judgments are often stated with little discussion. 
The synthesis of data to provide specific recom- 
mendations which arc both practical am 
scicntificallj' defensible must await new data am 
another occasion. Finally, the large subject o 
inanition and total caloric needs cannot be trcatci 
here* 

Notes on theoretical aspects. T-he provision of 
food for the support of physical work is obviously 
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primarily for the purpose of supplying fuel to the 
working muscles. The belief that the kind and 
relative amounts of foods supplied makes an 
important difference is basic to all theories about 
diet and muscular perforniance. Some substances, 
such as glucose, arc advocated because they are 
obviousl}' combusted in muscles and they require 
a minimum of digestive and metabolic preparation 
for absorption and use. Substances like creatine, 
lecithin and phosphates are recommended be- 
cause they are normally prominent in muscle and 
nervous tissue. Gelatin is urged because its 
contained glycine may be used in the formation of 
muscle creatine. On the other hand, fats are dis- 
dained because their use in muscle metabolism is 
apparently indirect. Alkalies^ are offered to 
counteract some of the changes which result from 
muscular e.xertion. Finallj', realization of the 
participation of some vitamins in the enzyme 
systems of carbohydrate metabolism loads to the 
suggestion that an increase in the intake of these 
vitamins will facilitate the reactions involving 
these enzymes. 

It is clear that the theories offered for aiding 
work performance by special dietaries generally 
attempt to maintain the muscle composition in its 
unfatigued state by: 

1. Renewing the supply of energy-yielding sub- 
strates, or 

2. Facilitating the energj'-yielding reactions, or 

3. Counteracting the ph 5 ’sical-chemical changes 
accompanying the metabolic processes in the 
muscle. 

The simple application o^ such theories is 
obstructed by the remarkable homeostasis of the 
animal organism and the fact that some of the 
changes accompanj’ing muscle metabolism are 
protective or are part of a larger adaptive mecha- 
nism. This is not to decrj' the theoretical approach 
but merely to suggest that many of the theories 
offered are over-simplified and naive. 

Criteria. The ideal criteria for the effect of a 
diet on work are those of actual performance 
under controlled conditions. These are verj’ diffi- 
cult to apply soientificallj’ because of the formid- 
able necessities in equipment, subjects and time 
and the difficulty of defining performance so that 
it is uninfluenced by e.vtraneous factors. Simple 
tests of strength or work capacity in man are 
extraordinarily dependent on motivation. Skill, 
and the co-ordinated use of local muscle groups, 
is an important element in many “tests,” in these 
tests training effects are so large that months may 
be needed to get reasonable standardization even 
in control experiments. .•Vnimnl experiments are 
unsatisfactory because, though the general course 
of metabolism in man and animals may bo similar, 
the quantitative relations are not identical and it is 


preciselj' the quantitative relations which are 
desired for practical application to man. 

It is our belief that physical "fitness” and work 
capacity are best estimated by the imposition of 
standardized tasks which require a minimum of 
training and are within the capacity of the subject 
to perform. The effects on the body of performance 
of these tasks arc then measured. The variables to 
be considered should be those which reflect the 
strain on the physiological functions (pulse rate, 
body temperature, stomach evacuation, reaction 
time, etc.) and the resulting distortion of the body 
chemistry (such as blood lactate, pyruvate, 
glucose, urea, etc,). The imposition of a second 
strain on top of that of the exercise may be use- 
ful; illustrations would be glucose tolerance or 
measured dehydration. In more chronic studies 
the maintenance of weight and of balance in 
nitrogen, minerals and other substances is im- 
portant. All procedures and conditions must be 
rigidly standardized; this includes environmental 
conditions and the timing of all procedures. In 
all cases it is of the highest importance to recognize 
that human beings are extremely suggestible and 
their subjective statements and even objective 
appearance reflects irrelevant personal psycho- 
logical matters more often than not. 

These points are emphasized because their 
neglect has been responsible for the fact that the 
majority of “evidence” offered for the relation of 
diet to physical performance of man is of dubious 
character. Too often a regime for normal man 
is proposed on the basis of observations on patients 
in the clinic or the results of uncontrolled “trials.” 
And recommendations based on results from acute 
experiments on animals can lead to serious error. 

The fttels of nmscular work. The demonstration 
by Pettenkofer and Voit, in 1866, (319) that nitro- 
gen c.xcretion is little affected by exercise disposed 
of Liebig’s theory that protein is the fuel of 
muscular work. Since Chauveau, in 1S96, reported 
a rise in R.Q. toward unity in exercise (S3) it has 
been generally believed that carbohj'drate me- 
tabolism is almost the sole source of energj- for 
muscular contraction. However, Zuntz (410) and 
many subsequent workers reported that the R.Q. 
in work is very similar to the value in rest. 
•■Vctually, Chauveau's finding applies to heavy 
work and that of’Zuntz to light or moderate work 
(39) (6S) (So) (89). Though carbohydrate metab- 
olism is normally dominant in hard work we 
must now recognize that fats play an important 
role and that gluconeogenesis from protein is not 
necessarily inefficient. The difficulty in interpret- 
ing respiratory quotients is illustrated by the 
extreme values which are found with rats trained 
to abnormal eating habits (3SS). 

It appears th.at, at any one time, the substances 
metabolized depend upon the relative availability 
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of substrates, the accumulation of metabolites, 
the intensity of work, and the amounts of various 
enzymes present. A change in dietary balance 
requires re-adjustment in the enzymes before a 
new balance is struck; in the meantime the course 
of metabolism may reflect the previous dietary 
balance for some days. The ideal dietary for 
muscular work cannot be estimated by brief 
experiments with highly abnormal diets. Until 
such time as relativelj’’ long-time studies can be 
made it is impossible to arrive at definite con- 
clusions. Fortunately, the capacity of the human 
organism for adjustment is such that marked 
differences in the proximate composition of the 
diet are ordinarily attended only by small changes 
in energy metabolism and work performance is 
apparently largely independent of these. It ma 3 '- 
be, of course, that such differences assume critical 
importance in some situations involving unusual 
strains, such as verj' prolonged hard work or 
partial starvation. Theoretical speculation from 
the present data on intermediary metabolism i^ 
relatively profitless for practical application. 

Frequency of meals. In general, both blood 
sugar and respiratory quotient rise shortly after 
a meal containing carbohj'drate and then decline 
for several hours. These facts may be interpreted 
to mean that the availability and utilization of 
carbohydrate follow a corresponding time path. 
By shortening the periods between meals it is 
readily possible to smooth out these cyclic varia- 
tions. If the simple theory is adopted that 
normally a limiting factor for work output is the 
supply of sugar to the tissues and that this is 
reflected by the blood sugar, then a theoretical 
argument could be made for efforts to maintain 
the blood sugar at a high level. Haggard and 
Greenberg appear to have accepted this theory 
and have pursued it to the logical conclusion of 
recommending frequent and between-meal feeding 
(170) (171) (172) (173) (190). 

Cyclic rhythms in the blood sugar and liver 
glycogen are normal phenomena in man (239) 
and other animals (1). The liver glycogen cycle in 
the rat persists for a daj' of fasting and may be 
altered by changing the feeding periods but the 
new c.vcle requires about a week to be established 
(196) (197). The blood sugar cycle in the rat 
persists for 36 to 4S hours of starvation (321)., 
These phenomena should be noted in discussing 
alterations in meal hours and periodicity. 

It is probablj’’ true that our custom of 3 meals a 
day has developed because of convenience rather 
than because it represents the phj'siological 
optimum. The experience in industry seems to be 
favorable towards the provision of mid-morning 
and mid-afternoon rest periods during which food 
is taken. However, simple rest periods without 
food also appear to be beneficial in industry. 


Much of the discussion on this subject is properly 
in the province of psychology and will not be 
treated here. The reported effect of additional 
meals on absolute work efficiency is more 
pertinent. Haggard and Greenberg, in 1935, (171) 
claimed the consumption of a meal produced an 
increase in muscular efficiency of the order of 25 
per cent. Alterations in efficiency of this magni- 
tude are far out of line with all other observations 
(69) (72) (115) (154) and justifj’’ doubts about other 
items in the reports from the Yale laboratory. Re- 
petitions of these experiments by Haldi, el al. (177) 
failed to give any confirmation for- the reported 
effect of a meal on efficiency. No effect of sugar 
ingestion appears in simple work tests (73) (313). 
In prolonged exhausting exertion like marathon 
races glucose may be useful (62) (29). Such condi- 
tions, of course, never obtain in ordinary oc- 
cupations. 

Experience in this Laboratory would support the 
use of between-meal feeding when extremelj' hard 
work is being performed but does not indicate any 
such utility at more ordinary intensities. If the 
volume of production in factory operations is to be 
considered as the criterion it is possible that differ- 
ent conclusions would be drawn. The cause of the 
improvement produced by extra meals in factory 
output, however, cannot be ascribed only to simple 
physiological causes; probably boredom and 
emploj'ee-employer relations are much more 
importantly affected. 

Sugars. Sugars are e.xcellent fuels for immediate 
use in muscular work. A phenomenal output of 
continuous work can be produced by the dog if 
glucose is administered at frequent intervals (116). 
This does not mean that other sugars and more 
complex carbohydrates might not be similarly 
effective. The supposition that glucose ingestion 
renews the fuel for work with unique rapidity 
assumes that the hydrolysis of other carbohy- 
drates makes an important time limitation. There 
is no proof that this is the case with disaccharides. 
Actually, the hydrolysis of sucrose in the digestive 
tract proceeds so rapidlj" that its contained glucose 
becomes available about as fast as it can be ab- 
sorbed. The digestion of starch is more rapid than 
frequently believed, much of this taking place m 
the stoEoach (26). 

Glucose is absorbed in some circumstances from 
the gut twice as fast as fructose (95) (261) (37 ) 
(.392) but the difference decreases when large 
amounts of sugars are ingested (96) and, in genera , 
absorption proceeds more rapidlj’ than the 
can use' the absorbed sugar. There is little di cr 
ence between glucose and fructose in the to a 
amount of sugar absorbed in 2 or 3 hours or in t cm 
efficacy in restoring glycogen in fatigued muse ca 
(30S). The total amount of carbohydrate metao - 
lized in exercise is not specifieallj' affcctc 1 
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fuel. The blood sugar argument fails to explain 
how fatigue may become more marked in the face 
of a rising level of sugar in the blood; we have 
found this condition when hard work without food 
is continued for several days. 

Whether the diet is high or low in fat, the con- 
tinuance of work without food produces a fall in 
the respiratory quotient and eventually an accu- 
mulation of ketones in the blood. These ketone 
bodies are capable of utilization for muscular work 
at a rate which bears some proportionality to their 
concentration in the blood (36) (125) (183) (302) 
(301) (374) (390). The idea tJiat, functionally at 
least, ketone bodies can take the place of glucose 
in muscle metabolism can be argued (100). In 
marked ketonemia (80 mg. per 100 cc. of blood) 
Wick and Drury (390) calculated that the metabo- 
lism of /?-hydrox 3 ''butyric acid would account for 
85 to 90 per cent of the total oxygen usage of the 
rabbit. They suggest that the formation of ketone 
bodies "may be considered analogous to the con- 
version in the liver of amino acids to glucose for 
utilization by the tissues’’. When ketosis is pro- 
duced in guinea pigs by fasting there is less deple- 
tion of carbohydrate stores in subsequent work 
than when the pigs are fed; these differences are 
ot reflected in different endurance on the tread- 
mill (302). 

The evidence cited indicates that ketosis in 
normal persons is hardly as deleterious as is some- 
times imagined from experience with diabetic 
acidosis. In the energy metabolism of fats the scale 
ff preference would seem to be; ketone bodies, 
hort chain faUj' acids and finally long chain fatty 
acids (251). "Depot fat” probably cannot be used 
directly but it is hardly a metabolic "dead end”. 
The phospholipids likewise do not seem to be 
directly concerned in muscle metabolism (357), 
though their exchanges are affected by muscular 
activity (149). 

The long-standing controversy about gluco- 
neogenesis from fat has been reviewed by Soskin 
(360) ; opposing arguments were given by Cori (96). 
There is increasing evidence in support of the view 
that fat maj’ supplj' sugar (153) (407) (360). 

Much more work on fat metabolism is needed to 
answer some practical questions. Fatty foods, 
because of their concentration and resistance to 
freezing, would seem to be ideal for winter and 
arctic warfare but the metabolic consequences 
must be discovered. One danger is that long- 
continued fat diets may produce liver cirrhosis 
(81). In the absence of better information we must 
conclude that at present it is unwise to allow the 
percentage of calorics in the diet derived from fat 
to go much above 50 per cent. If a single fat is to be 
used in excess, butter may be preferable to some 
other common fats (336). Further, it may be un- 
wise to make sudden changes in the fat-carbohy- 


drate ratio. After a high fat diet it takes several 
da 5 ’-s before a high carbohydrate diet can again be 
properly utilized (310). 

The vitamins — General remarks. The capacity to 
perform physical work is obviousb' hindered by the 
development of frank vitamin deficiency states. 
Muscular weakness, incoordination and apathy are 
outstanding characteristics of advanced beri-beri, 
scurvy and pellagra. Discussion of these condi- 
tions has no place here but questions of vitamin 
"supercharging” and of "sub-clinical” deficiencies 
are important. The problems involve the differ- 
entiation between ordinary "health” and "abun- 
dant health”, with the presumptive connotation of 
ordinary and of unusual work capacities. 

Thiamin, riboflavin and nicotinic acid function 
in enzyme systems which are fundamental to 
energy metabolism. The beautiful studies on these 
points, however, do not answer the question as to 
the extent to which muscular function is normally 
limited by the amounts of these enzymes available 
in the intact animal. Similarlj^ the researches on 
the biochemical roles of vitamin A and of ascorbic 
acid do not in themselves prove there is any utility 
to increasing the intakes of these vitamins beyond 
the amounts needed to prevent definite abnor- 
malities. Opinions on these points are not wanting; 
critical data, though rapidly accumulating, are 
still limited. Finally, there are questions as to how 
long restricted intakes of the several vitamins may 
be endured before there is an adverse effect on 
work performance. 

Vitamin A. There is little evidence that muscu- 
lar function has any direct and immediate relation 
to vitamin A intake. Drigalski (124) reported that 
a healthy man developed easy fatigabilitj' and 
muscular cramps after several months on a diet 
very low in vitamin A but there were no objective 
controls. Guerrant, Dutcher and Chornock (167) 
reported that rats on a diet supplemented with 
extra vitamin A showed more spontaneous activity 
than controls and that exercise delays the appear- 
ance of vitamin A deficiency. The interpretation of 
these findings is obscure. Wald, Brouha and Jolin- 
son (383) found that human subjects showed no 
decrease in fitness for physical work after G months 
on a diet extremely low in vitamin A. This result 
may have been complicated bj' the fact that the 
subjects had previousbv been on a regime of veo 
high vitamin A intake; the fact that vitamin A dit 
not disappear from the plasma in those subjects 
indicates that their reserves were far from ex- 
hausted. The depletion of vitamin A stores in t e 
body takes a verj' long time so that there is a 
substantial margin of safety in this vitamin in 
most cases. Vitamin A disappeared from the > oo 
of dogs in 5 months on a diet almost free of vitamin 
A; 10 months later there were stilly traces in ic 
liver (247). These dogs remained in apparent j 
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normal health and activity throughout. The 
muscular dystrophy occasional!}’' seen in rats on 
diets deficient in vitamin A is probably due to an 
associated deficiency in vitamin E (23S). 

Human performance ma}' be restricted by lack 
of vitamin A because of effects on vision. Defective 
dark ad.aptation can be a serious handicap, not- 
ably in military operations. The use of liver in the 
treatment of night blindness was recommended by 
the ancients and the modern investigations on the 
subject constitute an outstanding development 
(382). However, the relation between night blind- 
ness and vitamin A intake is by no means as direct 
as appeared to be the case a few years ago. Many 
pereons can subsist for many weeks or months on 
diets very low in vitamin A before significant 
effects on night vision appear (109) (329) (383) 
(3S5). In other persons signs of defective night 
vision occur in a few days on a similar regime (124) 
(1S6) (384). In general, persons who quickly de- 
velop night blindness on a low vitamin A intake 
require prolonged treatment — up to some months 
— with large doses of vitamin A (258) (264). Other 
persons are greatly improved or even "cured” 
within a few hours after receiving large amounts 
of vitamin A, (3 carotene or cod liver oil (43) (212) 
(249) (384). Some of these individual variations 
must depend on differences in the stores of the 
vitamin in the body. There are suggestions that 
- dark adaptation is not a very sensitive index of 
vitamin A nutrition (40) (208) (361). 

By no means all cases of night blindness are due 
to simple deficiency of vitamin A in the diet. A 
third pf the persons with poor night vision ob- 
served in Labrador were apparently not deficient 
in vitamin A (363). A careful study of 62 night- 
blind soldiers in England showed that a nutritional 
deficiency in vitamin A was not responsible; 
psychological factors were believed to be im- 
portant (402). 

Among “normal” persons subsisting on diets 
adequate or not markedly deficient in vitamin A 
there is little relation between vitamin A intake, 
blood vitamin A, and dark adaptation (23) (79) 
(362) (175). Attempts to produce unusually good 
night vision by large intakes of vitamin A have 
yielded negative results. There would seem to be 
little basis for recommendations that aviators 
should receive not less than 10, (XX) I.U. of vitamin 
A daily (31 A). 

Effects of vitamin .A intake on color vision have 
been claimed and, if true, would affect human 
performance in certain occupations. The daily 
administration of carotene to factory workers was 
followed by a 75 per cent reduction in the number 
of rejections for off-color parts of stoves assembled 
by them (401). Altered color fields as well as night 
blindness were produced in 6 to 7 months on an 
A-dcficient diet, according to Rauh (329). Dunlap 


and Loken (120) (121) (122) claimed that up to 80 
per cent of persons with defective color vision were 
able to pass the color tests aftbr a few weeks on a 
daily intake of 25,000 I.TJ. of vitamin A. Murray 
(296) e.vpressed skepticism about these results. 
Extensive studies on R.O.T.C. students com- 
pletely failed to confirm the idea that vitamin A 
can cure defective color vision (130). Not a single 
person of 41 men with poor color vision was im- 
proved by 25,000 I.U. of vitamin A daily for a 
period of S weeks. 

Vitamins of the B complex. There have been 
numerous claims that supplements of vitamins of 
the B complc.v improve work performance and 
capacity even when there are no signs of deficien- 
cies in these vitamins (103) (119) (162) (285) (294). 
Most of these are based on inadequate data with- 
out controls and may be dismissed at once. 

The administration of yeast may promote some 
deposition of glycogen in the liver (30) but repeti- 
tions of the dosage have no further effect (320) 
and the glycogen storage is not influenced by yeast 
when sufficient carbohydrate is given (2) . Thiamin, 
riboflavin, pantothenic acid and pyridoxine all 
promote glycogen formation in animals deficient 
in these vitamins (366) but large doses of thiamin 
may cause a decline in liver glycogen in normal 
animals (286). In any case the relation between 
liver glycogen and work performance is obscure. 
Sudden elevation of thiamin intake may cause liver 
damage (133), Reports that the work capacity of 
muscle is improved by thiamin injections (281) 
(178) are unconvincing. The claim that isolated 
muscles treated with thiamin become more re- 
sponsive to acetylcholine (56) was shown to be in 
error by Kaiser (220). 

Careful studies in this Laboratory failed to 
disclose any benefit on work performance or 
capacity from large daily supplements of the B 
vitamins given to soldiers maintained on ordinary 
U. S. -Army Garrison Rations (226.A). The general 
nature of these findings has been confirmed (356). 
The tests covered brief (anerobic) work, endur- 
ance, strength, psychomotor functions and details 
of metabolism which might be significant-r-blood 
lactate, pyruvate, hemoglobin, glucose, etc. As a 
matter of fact, normal young men may bo main- 
tained for at least several months on rations 
supplying only about 0.25 mg. of thiamin per 1,000 
Calories with no adverse effects in these variables 
compared with very much larger intakes of vita- 
min Bi (227). There are other indications that the 
margin of safety on thiamin and riboflavin pro- 
vided in the Recommendations of tlio National 
Research Council (300) may be very large (202) 
(243). Limited body reserves of thiamin may be 
established by extra thiamin feeding but the 
riboflavin and niacin stores are not much affected 
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by the intake of those vitamins beyond the mini- 
mal level (343). Reports that an intake of ribo- 
flavin which appears adequate for growth and 
reproduction may be sub-optimal in more than 
one generation (131) cannot be discussed here. 

It would seem that there is at present no basis 
for high supplementation with vitamins of the B 
complex to promote better work performance. 
The requirement for thiamin is probably propor- 
tional to the intensity of the metabolism (99) (16S) 
though this relation has not been proved yet in 
man. A similar relation between metabolism and 
requirement is assumed for riboflavin and niacin 
on rather slender evidence. It is entirely justifiable 
to advise an increased intake of B vitamins when 
work is increased. With a reasonably good diet this 
is guaranteed by simply increasing the total 
food eaten. 

There are many emergencies in war when drastic 
dietary alterations occur. The question as to the 
rate at which a deficiency in B vitamins becomes 
limiting to work performance is important. It has 
been claimed that when very small amounts of 
thiamin — 0.5 mg. or less daily — are provided 
symptoms of deficiency appear within a few days 
(217A) but these reports cannot be accepted. 
When proper controls are provided no significant 
symptoms occur for some weeks or months (243) 
(385A) (395) (396). 

Recently claims have been made that a diet 
deficient in B vitamins produces some physical 
deterioration in 4 weeks in sedentary men and 
marked reduction in work capacity within a few 
days in men doing hard work (127) (213). After 
careful consideration these claims must be re- 
jected in toto. We may note that in the work cited 
the intake of neither vitamins nor calories nor the 
output of work were measured, that none of the 
results were reported in full, that the subjects 
were highly conditioned to expect deterioration, 
that controls or allowances for training effects and 
over-exertion were not made, that the only sure 
deficiency in the diet was in thiamin, and that the 
subjects who received extra thiamin also showed 
“symptoms”. We have repeated this work with a 
still more restricted diet applied twice as long, 
with exact measurement of intakes and work out- 
put, with proper controls and with objective 
measurements of physiological, psychomotor, 
psychological and biochemical variables in rest, in 
different types of work and in recovery (243). The 
detailed results will be reported elsewhere; they 
completely negate the claims that important 
effects on work performance occur in a few days or 
weeks when normal young men do very hard work 
while subsisting on a diet severely restricted in the 
vitamins of the B complex. 

Space does not permit discussion of the possible 
protective effects of extra B "vitamins in occupa- 


tions involving e.xposure to toxic materials, exces- 
sive light, or emotional strain. Claims for higher 
requirements in hot environments (279) (278) (280) 
(284) are unconvincing and we have found no 
utility of extra B vitamins for hard work in periods 
up to a week at extreme heat (191 A). There is no 
significant loss of thiamin or riboflavin in sweat 
though there may be an appreciable loss of niacin 
(179) (275) (358) (369) . The claims made for pyri- 
doxine in neuromuscular disorders are based on 
clinical impressions (8) (18) (215) (216) and have 
been denied (112) (118) (140). 

Ascorbic acid. Like other vitamins, ascorbic acid 
has been suggested for increasing work perform- 
ance. Benefits in rats from ascorbic acid injections 
have been claimed (17) and denied (52). Generally 
positive but quantitatively discordant results 
were reported for isolated frog muscles when 
ascorbic acid was added to the medium (21) (33) 
(166) (354) (381). Perfused frog muscles show no 
increase in work performance when ascorbic acid 
is added to the perfusing fluid (4). The ascorbic 
acid content of rabbit muscles is said to be in- 
creased by training and reduced by fatigue (236) 
(350). The fact that scorbutic' muscle fatigues 
rapidly (328) is not surprising. 

Claims for benefits of ascorbic acid on work 
capacity of persons who show no signs of clinical 
scurvy (22) (60) (285) are not based on acceptable 
evidence. South African mine workers, who were 
on a diet markedl}’’ below ordinary standards for 
vitamin C, showed no gain in work capacitj' or 
performance when they received daily supple- 
ments of vitamin C (91) (214). Fox and Danger- 
field (146) have collected much evidence to show 
that the performance of Bantu laborers is sub- 
stantially the same for months at 25 and at 50 or 
more mg. of ascorbic acid daily. In this Labora- 
tor 3 ’^ we found that muscular performance is not 
affected in any way b}”^ the addition of 200 mg. of 
ascorbic acid dai^'" to U. S. Army Garrison Rations 
containing about 70 mg. (226A). Studies on inter- 
mediarj' metabolism and blood chemistrj’" in rest, 
exercise and recovery were likewise entirely 
negative. 

Extreme deficienc}’’ of ascorbic acid intake can 
be tolerated by man for a surprising length of time. 
Rietschel and Mensching (337) maintained a 
normal man for 160 days on a diet free from vitamin 
C. There was no loss of weight at any time and no 
symptoms of an 3 '' kind for 120 da 3 ’'s. Similar resu ts 
were obtained in an almost identical experiment 
by Crandon and coworkers (101) (102). In their 
subject the plasma was free of ascorbic acid in 
days but beginning signs of scurvy were not seen 
for 5 months (101) (102) (253). In these studies 
clear signs of a reduction in work capacity vere 
not seen though some lethargy was noted. 

It has been claimed that the rcquircmen 
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ascorbic acid is increased in hard work in the heat 
(7) (2S) (201) (2S0) partly because of loss of vita- 
min C in the sweat (2S) (96A). Subsequent work 
indicated little ascorbic acid in sweat (179) (409) 
(40G) and the most careful work indicates that 
sweat actually is almost completely devoid of 
vitamin C (275) (369). 

Reports of benefits of ascorbic acid supple- 
mentation in industry in hot environments (7) 
(201) have not provided detailed data. In this 
Laboratory we have made e.\tensive controlled 
studies covering periods up to a week at hard work 
in temperatures up to 122°F. These have com- 
pletely failed to demonstrate any effect of ascorbic 
acid intake from 40 to 540 mg. daily on work per- 
formance, endurance, psychomotor ability or the 
incidence of heat e.xhaustion (191). 

Vitamin E. Nutritional muscular dystrophy and 
tissue changes produced by a defioienc 5 ' of vitamin 
E h.ave been reviewed recently by Pappcnheimer 
(314) and by Wolbach and Bessey (404). Evans and 
Burr (135) produced muscular weakness and pa- 
ralysis in rats on a diet deficient in vitamin E. 
Similar effects have not been found in man but 
have been recorded in rabbits and guinea pigs 
(15S), ducks (316), sheep and goats (262) the tree 
kangaroo (161), mice (315) and hamsters (207). 
Pups born of vitamin E-deficient mothers show 
signs of muscular lesions (5). Dogs with chronic 
biliary fistulae develop muscular ‘defects which 
have been ascribed to faulty absorption of vitamin 
E from the gut (57) . 

The addition of cod liver oil to a diet deficient in 
vitamin E intensifies the development of nutri- 
tional muscular dystrophy (262). The mechanism 
responsible is still debatable but rancid oils favor 
the destruction of vitamin E in the intestine and 
may therefore aggravate a deficiency (270). 

Vitamin E deficiency in susceptible animals 
produces alterations in the central nervous system 
and e-xtensive necrosis in the voluntary muscles 
(129) (136) (311). The muscles of these animals 
show increased rheobase and chronaxie (3S0) and 
reduction in contractile ability; the latter change 
can be demonstrated before the animal shows gross 
outward signs of weakness (232). These alterations 
are reversible by the administration of vitamin E 
or synthetic dl -alpha-tocopherol (233). 

There have been numerous studies on the chemi- 
cal composition of the dj-strophic muscles. These 
reveal the alterations expected in view of the 
atrophy and necrosis but there are few definite 
signs of a specific chemical defect in minerals (13S) 
(139) (28S), phosphorus compounds (156) (252) 
(2S9) (290) (291), or lipids (292). The creatine 
content of the muscles is decreased and creati- 
nuria develops (155) (2S9) (290) (291) (306) (37S), 
(cf. section on “Creatine”). 

Dystrophic muscle is characterized by a very 


high resting o.xygen consumption and this ab- 
normality appears at the stage where muscular 
weakness is marked but before there is severe 
parai 3 'sis (150) (380). The oxygen consumption 
quickij' returns toward normal in the presence of 
alpha-tocopherol (207) (224). Evidence is incon- 
clusive as to whether these effects are to be re- 
ferred to the simple anti-oxidant action of vitamin 
E or whether, as Houchin and Mattill (207) 
suggest, vitamin E participates more directly in 
the metabolic processes. 

Vitamin E has been suggested for the treatment 
of human neuro-muscular disorders and weakness 
but there is no adequate basis for such recom- 
mendations (126) (181) (351). Most of the interest 
has been directed toward pronounced and specific 
pathologies such as progressive muscular dj's- 
trophj', bulbar paralysis and amj'otrophic lateral 
sclerosis (31) (169) (364) (386) (405). Vitamin E is 
suggested in the treatment of muscular atrophy 
resulting from polio-myelitis (352). 

At present it cannot be concluded that vitamin 
E plaj's any direct and important role in neuro- 
muscular function of normal man. Species differ- 
ences are important; chicks only e.xceptionally 
develop muscular disorders on a diet almost free 
from vitamin E (314). 

Acidosis and alkalosis. Dietary peculiarities are 
capable of producing moderate alterations in the 
alkaline reserve in normal persons but studies on 
the possible effects of acidosis or alkalosis on 
muscular performance have generally involved 
more drastic means, such as the production of 
acidosis by the ingestion of ammonium chloride. 
As usual, it is necessary to differentiate between 
simple acidemia in which the pH is lowered and 
acidosis in which the alkaline reserve is lowered. 
The fact that severe muscular work produces 
fixed acids which lower both pH and alkaline 
reserve has long encouraged the belief that alkaliz- 
ing regimes are beneficial for the performance of 
exercise. 

The accumulation of lactate in the blood is 
greater when the alkaline reserve is high (113) 
(114) (184). Accordingly, if the amount of lactate 
accumulated at a given level of work is taken as a 
measure of fatigue, it would be concluded that 
initial alkalosis is harmful. On the other hand it is 
perhaps more correctlj' argued that extra alkaline 
reserve allows more prompt and complete neu- 
tralization of lactic acid as formed and hence the 
higher level of lactate is an indication of better 
neutralization. ICaunitz and Selzer (222) suggested 
that lactic acid may actuallj- dehay fatigue. It 
should be obvious that predictions of performance 
cannot be made from such theoretical arguments. 
The conclusion of Dennig, cl al. (113) that acidosis 
produced bj’ ingestion of ammonium chloride 
reduces physical efficiency is based on measure- 
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ments of respiration volume and blood composi- 
tion and is not supported by acceptable proof of 
an effect on actual work performance; the same is 
true of their suggestion that sodium bicarbonate 
ingestion increased physical efficiency. The latter 
claim has been denied (317) . It has been suggested 
that the endurance of dogs may be reduced in 
alkalosis (348). 

All work on this subject reported so far has been 
limited to rather acute and violent changes. Un- 
doubtedly full adjustment to a condition of acido- 
sis or alkalosis requires many days if not weeks. 
Practical conclusions cannot be drawn until pro- 
longed experiments are made with moderate 
alterations in the acid-base balance. In the mean- 
time the indications are that such changes in the 
alkaline reserve as may result from dietary altera- 
tions have little effect on ability of normal persons 
to perform muscular work. This conclusion is only 
tentative; the requisite data for more definite 
conclusions are yet to be gathered. The possible 
effect of the alkaline reserve on ability to work 
under conditions of partial or complete inanition 
should be explored further. Schlutz, Hastings and 
Morse . (347) found, in dogs, that the rise in fixed 
: Ids in the body resulting from exertion is con- 
I ler'j ily more pronounced when the animals are 
m half rations. Acidosis tends to suppress keto- 
nemia while alkalosis has the opposite effect. 
Associated with this effect we should note that 
urinary output of nitrogen and sulphur is aug- 
< • ted by acidosis while the liver glycogen is 

creased (260). 

Phosphates. During the first World War Embden 
managed to convince the German military au- 
thorities that his ideas about phosphates and 
carbohydrate in muscle metabolism might be of 
practical use. He advocated foods and drinks rich 
in phosphate and in 1917 trials were carried out 
with acid sodium phosphate, first on a laboratory 
scale and then with whole battalions of soldiers in 
the field. The basic idea was that muscular per- 
formance depends ultimatelj" upon the supply in 
the muscle of a basic energy substance — Embden’s 
“Lactacidogen” — and that if the supply of this 
could be increased there would be an improvement 
in performance. Direct administration of lacta- 
cidogen, or hexose phosphate, was recognized as 
impracticable but: ‘‘eine Erleichterung und 
Beschleunigung der Lactacidogen synthese konnte 
aber vielleicht durch Zufuhr von dessen uns 
bekannten Bausteinen, namlich von Zucker und 
Phosphorsiiure erzielt werden” (132; p. 68). 

Embden and his colleagues were enthusiastic 
about their results though they admitted some 
secondary problems such as occasional cases of 
diarrhea and some difficulty in regulating the 
dosage. Trials with police officers were considered 
to be confirmatory and phosphates were widely 


used thereafter in Germany by athletes and for all 
sorts of fatigue and debility (11) (193) (194) (195). 
Though the evidence of benefit was scarcely un- 
exceptionable, opposing reports have been based 
on even less solid grounds (143). 

The specific claim that fewer calories are ex- 
pended for the same work on days when sizable 
amounts of phosphate and sugar are taken than on 
control days (199) has been convincingly denied 
(335) (368). Numerous other reports claim that 
subjects on a high phosphate regime feel better 
and suffer less fatigue from work, but these pro- 
vide little acceptable data (107 A) (223) (322) (323) 
and may be set off against denials based on e.xperi- 
ments that are scarcel 3 ’’ more acceptable (265) 
(326) (349). At least it appears that the daily 
ingestion of large amounts of phosphate can be 
maintained for years with little harm (322). 

In 1935 a series of papers from Krestownikoff’s 
laboratory in Leningrad reported a variety of 
effects from the use of phosphates but the actual 
experiments cited would justify few conclusions. 
It was claimed (325) that phosphates improve 
psychomotor performance during recovery follow- 
ing muscular work and that pulse rate, both 
in work and in recover}', tends to be higher when 
phosphates are ingested an hour or so before one 
hour of moderately hard work (240) . Further, skin 
temperatures in work were stated to be higher 
after phosphates (235) ; this was supposed to agree 
with the finding of a reduction in sweat production 
(108). Finally, it was concluded that the increase 
in chronaxie resulting from work is less when 
phosphate is taken and that the benefit of the 
phosphate appeared in measurements with Mosso s 
ergograph (245). In general, the Russian school 
stated that 1 to 3 grams of acid sodium phosphate 
(by mouth) an hour or so before work is effective 
but that 5 to 10 grams taken 9 or 10 hours before 
work is not. If the Russian reports are acceptable 
they would indicate that a simple increase in the 
phosphate in the diet would have little effect. 

Freeman’s (147) e.xperiments with hexose phos- 
phate in perfusion media used with frogs’ hearts 
have been cited in support of Embden’s theory but 
the few data offered are capable of various inter- 
pretations. The same ma}' be said of the numerous 
and controversial reports on phosphate balance 
and excretion during and after muscular exertion 
(367). 

Atzler and his colleagues (11) studied 4 subjects 
and 3 dogs over a period of some months and con 
eluded that phosphates are beneficial. In this n or ' 
the method for estimating work capacity is o 
dubious interpretation. In anj' case the rcsu s 
suggest that only one of the subjects derive 
appreciable benefit from phosphates and even m 
this case the control is unsatisfactorj. ^ 
studies with dogs by the same group ad i e 



FEDERATION PROCEEDINGS 


173 


the picture. Morse (293) studied the endurance of 
dogs on a treadmill and found no effect of phos- 
phates. The most recent work on this subject 
seems to be that of Sauser-Hall (344) on Swiss 
soldiers in training and during convalescence from 
influenza. No data are given in scientific support of 
enthusiastic claims for "C-Phos” — a proprietary 
organic phosphate. 

In summary, there is every reason to agree with 
Bpje’s (41) skepticism of any effect of high phos- 
phate intake on muscular performance. There is a 
high degree of unanimity of opinion that an acid 
phosphate drink tends to produce some exhilara- 
tion in many people but what its effect, if any, 
may be on fatigue and capacity for work is not yet 
clear. We may well believe that a diet deficient in 
phosphate would eventually lead to serious dis- 
order. With all ordinary diets, however, such 
danger should be remote for adults. 

Minerals other than phosphorus. The excitability 
and work capacity of isolated muscles are noto- 
riously sensitive to the mineral ions in the internal 
environment. In the large literature on the role of 
potassivun in muscular contraction (138) there are 
few evidences for an importance of dietary potas- 
sium on muscular work in normal men, however. 
When animals are maintained on a very low potas- 
sium intake the muscle potassium decreases and 
this decrease is accentuated by sodium salts in the 
diet (134) (192). Similar events are indicated in 
man from studies on potassium balance (394). No 
striking changes in muscle function were observed 
in rats in which much of the muscle potassium had 
been replaced by sodium by dietary means (192), 
and no harmful effects were seen in rats main- 
tained on a potassium intake many times the 
normal level (277). Studies on work capacity are 
lacking in these conditions. 

These findings may seem surprising when it is 
noted that in excised muscles small increases in 
potassium cause definite decreases in chronaxie 
(244) and in rheobase (82). Nothmann and Wagner 
(307) reported that the excitability of human 
muscles to electrical stimuli is increased by inges- 
tion of potassium but not of sodium salts. Myo- 
tonic muscles are unusually sensitive to potassium 
alterations (58). 

It is probable that changes in muscle excitability 
arc produced by changes in potassium rather than 
by the absolute level of this ion. The exchanges of 
potassium across the muscle cell membranes as 
related to exercise are of much interest but their 
application to the problem of optimal dietarj’ 
potassium for the intact animal is by no means 
clear. That exercised muscles lose potassium in 
fatigue is well known. Measurements with the 
isotope K^- show a great increase in potassium 
exchanges in both directions when the muscle is 


stimulated (174). Potassium penetration jnto 
muscle is increased by denervation (255). 

A striking instance of the effect of dietary so- 
dium and potassium on ability to work is seen in 
Addison’s disease. A diet high in sodium and low in 
p'otassium is very beneficial but although such a 
regime increases the w'ork capacity of adrenal- 
ectomized rats they are still inferior to the normal 
rat (209). 

Few conclusions can be drawn as to optimum 
amounts of sodium and potassium in the diet. A 
high potassium diet is apparently not harmful 
except in Addison’s disease and may be beneficial 
in familial periodic paralysis (151). Excesses of 
both sodium and potassium are rapidly excreted 
by the kidneys so it would seem that the best diet 
would be one that would err slightly in providing 
ample amounts of these minerals. The chloride 
intake is more critical. If there is free access to salt 
there seems to be little danger of chloride deple- 
tion even in hard work in hot weather but this 
rule does not hold when food is not eaten. In this 
Laboratory we have found that work capacity in 
the heat is greatly reduced when salt is severely 
restricted even when this does not involve the 
intervention of heat cramps or heat hyperpyrexia. 
The lower level of safety is a total intake of about 
2 to 3 grams of NaCl for every liter of sweat lost. 

Very high or very low chloride intakes may lead 
to substantial parallel alterations in oxygen con- 
sumption in man (74) and dogs (110). These 
changes can be produced by diet and can be ob- 
served in the eviscerated animal as well as in the 
intact dog (92). No clear effects are seen vrith 
serum chloride variations within ±5 per cent of 
the average normal value (92). The efficiency of 
the kidney is such that drastic dietary changes 
would be required to produce significant effects in 
normal men. 

Recently it has been claimed that the daily 
ingestion of calcium gluconate expedites the re- 
covery from exercise (269), but no convincing 
data have been presented. It goes without saying 
that in the long run the diet must provide enough 
calcium, magnesium, iron and other essential 
minerals to maintain balance in these substances. 
How much of a surplus is desirable to allow maxi- 
mal muscular performance is unknown. It is fre- 
quently assumed that a diet high in iron will 
promote hemoglobin formation and that a high 
level of hemoglobin is beneficial for the perform- 
ance of hard work. In normal persons this is doubt- 
ful except at high altitudes. In extensive measure- 
ments of the hemoglobin concentration in the 
blood of normal young men wo have found that, in 
general, athletes tend to have lower levels than 
men less able to carry out strenuous exertion. 

Creatine, glycine and gelatin. In recent years 
there has been much popular interest in the use of 
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glycine (aminoacetic acid) to increase muscular 
power and endurance. Gelatin, which averages 
about 25 per cent glycine, has been widely sold for 
this purpose. The basic idea has been to promote 
endogenous creatine formation, presumably to 
enhance the supply of phosphocreatine in the 
muscles. The hydrolysis of phosphocreatine to 
creatine and phosphoric acid is an important 
energy-yielding reaction in muscle activity and 
there is a well-marked escape of creatine from the 
fatigued muscle (128) (371). 

Creatine is seldom excreted by the normal adult 
man unless large amounts are administered. In 
contrast, patients with muscular dystrophy 
and some other myopathies characterized by 
weakness frequently excrete large amounts of 
creatine (257) (211) (61^ and the muscle tissue has 
a decreased content of creatine and phospho- 
creatine (93) (111) (200) (303) (33,2). Nutritional 
muscular dystroplij' likewise is associated with an 
abnormal creatine metabolism (157) (136) (205) 
(206) (289) (291). Denervated muscles also show a 
diminution in creatine content parallel to the 
degree of atrophy but the actual concentration of 
creatine in the fibres is little affected (15) (77) 
(84) (198). 

In normal men creatinuria has been reported in 
fatigue but this is not a characteristic phenome- 
non. Muscular training does not produce an in- 
crease in the concentration of creatine in the 
muscles (234) (242) (267) (274). 

Beard (24) has claimed that muscle creatine is 
increased when creatine is administered but such 
increase is small at most (298). If it is desired to 
increase endogenous creatine it would seem more 
hopeful to supply natural precursors to creatine. 
The long-standing belief that glycine is a precur- 
sor to creatine in the body has been confirmed 
recently (37). 

In studies on precursors to creatine, Brand and 
his colleagues (54) found that the administration 
of gl}"cine to patients with muscular dj^strophy 
produced a marked increase in their creatinuria. 
In confirming this fact it was reported that the 
patients were actually benefited by this treatment 
(276) (370). A large clinical literature has since 
accumulated on the subject. 

Therapeutic benefits from glycine in muscular 
dystrophy have been alternately claimed (9) (24) 
(108) (237) (376) and denied (19) (53) (272). Histo- 
logical and biochemical improvement without anj' 
corresponding gain in strength and endurance 
may occur (331) (332). The balance of evidence 
favors Nevin’s (303) conclusion that occasional 
patients with muscular dystroply^ ai-e benefited 
by glycine. 

The use of glycine in myasthenia gravis is of more 
dubious utility than in muscular dj-strophy. In the 
latter disease there may be a demonstrable bio- 


chemical defect but in myasthenia gravis the only 
clear defect is in function (303) (225). The report 
that creatinuria and diminished muscle creatine 
occurs in this condition has not been confirmed. 
However, Boothby (44) (45) (49) and others (337) 
(376) reported clinical improvement of varying 
degree in myasthenia gravis. In spite of widespread 
trials these reports have not been confirmed. 
Myasthenia gravis is characterized by spontane- 
ous remissions and there is reason for the conclu- 
sion that glycine probably has no place in its 
treatment (303), A report of improvement in 
work capacity from glycine in 2 cases of adiposa 
dolorosa (403) is not substantiated by objective 
data. 

Consideration of the foregoing offers small basis 
for the promotion of strength and endurance by 
attempting to increase the creatine supply in 
normal muscles. In reality there are several ques- 
tions. In the first place it has been seriously 
doubted whether the creatine content of muscle 
can be increased in normal persons. Rose (340) 
concluded that creatine formation cannot be in- 
creased by amino acids beyond the physiological 
needs of the cells. Beard and Pizzolato (24) (25) 
have reported that many substances including 
glycine and some other amino acids will enhance 
creatine formation. These statements have been 


challenged (37) (141) (142). Fisher and Wilhelmi 
(142) found that glycine injections in rats and 
perfusions of rabbits’ hearts with glycine solutions 
failed to show any synthesis of creatine in the 
muscle tissue. Horvath (203) (204) carefully 
studied the effect of gelatin administration on the 
composition of the rat gastrocnemius and found 
it to be entirely without effect not only on creatine 
but also on creatine phosphate, hexose phosphate, 
total nitrogen, glycogen and adenosine tri- 
phosphate. 

A second question is whether there would be any 
advantage to the normal muscle if its content of 
creatine could be increased. We have already re- 
corded our doubts on this score. A third question 
is whether a small biochemical advantage in t ic 
fuel content of the muscle would necessarily c 
reflected in appreciably better performance by t lo 
intact organism. There is no evidence from ot er 
sources that the fuel supply^ in a muscle is the lim- 
iting factor in ordinary muscular work. T le 

advantages of gljmine have been claimed aimos 
entirely in brief muscular work where final exbaiis 
tion of the fuel supply is not involved. The possi 
bilitj^ that in some rare diseases creatine deficiencj 
is observed in parallel with muscle weakness is no 
answer to these questions. _ . , 

There remain the reports of direct ^rmls • 
observations on the effect of glycine an 8°^ 
on fatigue in normal individuals. The sugge 
that glycine improves muscular performance 
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reduces fatigue in sucii persons on normal diets 
was put forth by Boothby (46) but the early inter- 
est (ISO) (259) subsided. The subject was revived 
by the remarkable claims for gelatin reported by 
Ray, Johnson and Taylor (330) from bicycle 
ergometer tests on young men. Still more aston- 
ishing "benefit” was reported by Kaezmarek 
(218) (219) from similar trials. Kaezmarek added 
the report that equal work was accomplished at 
slower pulse rates. Prior and Knapp (324) obtained 
insignificant results in 70 girls. These reports did 
not present acceptable measurements or controls 
and eAibited internal errors and discrepancies. 

A more elaborate series of studies was carried 
out by Beard (24) on the bicycle ergometer. Beard 
reported for one group of subjects that 5 to 12 
grams of glycine daily resulted in an average 
increase in the rate of ma.vimal work output of 22 
per cent in women and 32 per cent in men, whereas 
Ray, el al. (330) had reported women receive no 
benefit. In a second series Beard administered 
gl 5 ''cino plus urea and found average increases in 
maximal work output per minute of 66 per cent in 
women and 79 per cent in men. In further studies 
the work rate was kept constant and the length 
of time it could be maintained was stated to be 
very substantially improved by glycine, glycine 
plus urea, creatine, creatinine and glycine plus 
urea plus phosphate. An increase of muscle power 
from glycine, as measured with strength tests, 
was reported by Chaikelis (80). 

These favorable reports have been emphatically 
denied by a series of well-controlled experiments 
conducted by experienced investigators. Sixty 
grams of gelatin daily had no effect on women 
accustomed to experiments in hard work on the 
bicycle (ISO). Maison (263) utilized male subjects 
who had been trained for a year or more with the 
finger ergometer and found no effect on the mus- 
cles involved from either 15 grams of glycine or 
60 grams of gelatin daily. Previous gelatin feeding 
is without effect on the work capacity of the 
gastrocnemius of the rat (231). Karpovich and 
Pestreeov (221) could find no benefit from gelatin 
in a variety of muscular work tests on young men. 
King and his colleagues (229) carried out elabo- 
rately controlled studies on 33 healthy young w ite 
men and negroes in athletic training and found 
that 4.5 to 6.0 grams of glycine daily for 3 weeks 
had no effect on work capacity though both glj'cine 
and placebos increased work performance by 
suggestion. 

Interest attaches to studies in which objective 
measurements were made during performance of 
standard tasks on the treadmill where training 
effects are less prominent. Horvath, Dill and 
Knchr (204) found no benefit from glycine or gela- 
tin in work output, work efficiency, oxygen supply 
in work, or the level of blood lactate attained. 


Similar results were obtained from athletes in 
supervised training (339). 

It is difficult to reconcile the two sets of opposing 
reports. The negative reports are generally much 
more satisfactory in all technical aspects. At 
the present time the onlj' conclusion possible is 
that if an effect of glycine exists it must be tem- 
peramental in its appearance. It is significant 
that Wilder, who was originally favorable, re- 
versed bis stand after further observations and 
concluded he could find no basis for belief in a 
beneficial effect of glycine in normal persons (397). 

Alcohol. Alcoholic beverages supply a small but 
appi-eciable proportion Of the total caloric intake 
to many men engaged in hard work (14). There 
are two major questions: 1) To what extent 
may alcohol provide energy for physical work? 
and 2) How does alcohol ingestion influence work 
performance? 

The abundant early literature on alcohol me- 
tabolism was reviewed by Rosenmann (341). 
The combustion of alcohol in rest proceeds at a 
fairly constant but low rate and almost all alcohol 
ingested is metabolized. Alcohol ingestion pro- 
duces little or no increase in basal metabolism 
(40S) (165) (273). There is some parallelism be- 
tween the extent of carbohydrate metabolism and 
the rate of alcohol oxidation in the body (70) 
(165) (117) and at least some of this oxidation 
takes place in the liver (2S5) (305). Ethyl alcohol 
is certainly capable of utilization for some physio- 
logical purposes such as are involved in growth 
(283). Whether it can serve as a fuel for muscular 
work is another question. It is probable that 
muscles cannot utilize alcohol diiectly (254) (282), 
but this does not exclude an indirect contribution 
to the economy of exercise. The conclusion that 
alcohol may be used in work has been drawn by 
various workers (10) (165) (271) (359) and denied 
by others (67) (72) (309). The evidence offered is 
chiefl 3 ' from respiratorj' quotients in rest and in 
exercise after alcohol. The R.Q. for complete 
combustion of alcohol is 0.67 and, since the quan- 
tities of alcohol involved arc small, it would be 
technically difficult to establish the point. If it is 
considered that oxidation ra.aj' be incomplete then 
none of the e\’idence is pertinent. 

It has long been known that alcohol reduces the 
appreciation of fatigue so that the total voluntarj’’ 
work output of muscles may be increased although 
their capacitj' for contraction is deoreased or un- 
affected (144) (250). .41001101 taken iramediatelj' 
before work may have an initial facilitation affect 
but the work output is reduced 30 minutes or so 
after ingestion (ISS). When large amounts of 
alcohol (240 cc.) are ingested bj' an habitual 
drunkard the output of heavi- manual work is 
unchanged or slightly increased up to 4 hour.s later 
but a marked reduction is found after 12 hours 
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(14) (273). When the work involves a certain 
amount of skill and coordination alcohol always 
causes a reduction in work accomplishment (163) 
(372) (373). 

Miscellaneous sxibstances. At one time or another 
a great number of special substances in addition 
to those alread 3 ’’ discussed have been claimed to 
increase work capacity and to reduce fatigue. 
Some of these can or do enter into the total dietary 
in some cases and accordingly might merit brief 
mention here. B0je (41) has reviewed the field in a 
brief critical discussion of "dopes”. 

Caffeine, as supplied in tea and coffee, is widely 
believed to reduce the appreciation of fatigue and 
there are reports that more direct effects on 
the muscles may be involved (338) (345). Results 
with hard work on the bicycle ergometer indicate 
a real benefit of caffeine-containing beverages on 
endurance (345). Foltz, Ivy and Barborka (145) 
showed a beneficial effect on recovery from fatigue 
in 2 subjects with 0.5 gm. of caffeine injected 
intravenously, but even larger doses were needed 
with 2 other men. In brief (anerobic) work both 
negative (195) and positive (230) results are 
reported. 

Materials derived from the cola nut are widelj' 
used in beverages and, especially in northern 
Europe, in chocolate confections (e.g., “Scho-ka- 
kola”). The effects resemble those of caffeine (3). 
The results of rather extensive controlled studies 
clearly indicate an effect on willingness to continue 
in hard work (164). Whether there are effects 
peripheral to the central nervous system is not 
known. Cola preparations, like coffee and tea, 
tend to increase practical work output when used 
in moderate amounts at proper times in practical 
situations. 

Atzler and Lehman (12) have claimed that 
lecithin in dosages of 22 to S3 grams per da 3 ’' has a 
beneficial effect on muscular performance. The 
interpretation of the test used is open to question 
and the data scarcely warrant the conclusions 
drawn by the authors in favor of foods containing 
lecithin. It should be noted that there is no evi- 
dence that lecithin is absorbed as such from the 
gut; certain^' most of it is destroyed there. 

Space here does not permit a discussion of sub- 
stances like coca leaves and betel nuts which are 
chewed but not eaten. Their effects on work output 


may be appreciable but they should properly be 
considered as pharmacological agents rather than 
foods. 

Military rations. The epitome of practicality in 
food for physical performance should be reached 
in military rations. Actually none of the present 
military forces of the world has attacked the 
problem with sufficient vigor and technical knowl- 
edge. The first requisite is the proper definition of 
tactical requirements; its absence has been a limit- 
ing faetor which hinders efforts to develop the 
best rations for different operations. A second 
difficulty has been the necessity, or belief in such 
necessity, of making all rations conform to the 
high standards of the National Research Council 
recommendations for general subsistence. It can 
be argued that these recommendations for con- 
tinued subsistence need have little relation to the 
food provided for operations lasting from a few 
da 3 's to a few weeks. Actually, U. S. Army rations 
provided for such operations — Rations C and K, 
and B (“5 in 1”) — represent a compromise. 

It should have been clear from the discussion 
so far that for limited periods of time vitamins, 
minerals and dietary balance may be of small 
consequence. If caloric needs are not too far from 
being satisfied and if the balance of fats, proteins 
and carbohydrates is not too abruptly and drasti- 
cally altered, we may consider the major problem 
of combat rations fairly well solved. Of course this 
assumes that the rations offered are sufficiently 
palatable and varied to ensure their consumption. 

An important characteristic of military opera- 
tions is the frequency of occasions when ration 
suppl 3 ^ may break down and the troops must sub- 
sist on half rations or do without food for some 
days or even longer. The rations provided for and 
prior to such operations should take cognizance 
of this special nutritional situation. Generally 
speaking, it seems that militar 3 ' rations should be 
specialized for maintenance, for operations and 
for preparation for operations involving hazards 
to the ration supply. Specialization of the rations 
for different regions is much less important. There 
is no evidence that the nutritional needs in deserts, 
wet tropics and the arctic are essentially different. 
Adjustment of the physical properties of the foo s 
and convenience in their preparation under van 
ous circumstances requires study but is outsi e 
the scope of the present discussion (210) (226). 
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Symposium: Can the Euphoric, Analgetic and Physical 
Dependence Effects of Drugs Be Separated? 

FRED W. OBERST, Chairman 
U. S. Public Health Service Hospital, Lexington, Ky. 


The papers presented in this Symposium consti- 
tute independent views of four authors concerning 
the question “Can The Euphoric, Analgetic, and 
Physical Dependence Effects of Drugs be Sepa- 
rated?” It is well known that the opiates, and 
possibly Demerol, are the only analgetic drugs 
which are capable of producing all three phe- 
nomena. Certain drugs may produce analgesia 
and/or euphoria in man without causing physical 
dependence. The ideal analgetic would be a drug 
having minimum euphoric and physical depend- 
ence effects. It can be argued that the euphoria 
factor of opiates plays a distinct role in the relief 
of pain; the pain still being discernible, but the 
sensation is masked by a dominant sensation of 


euphoria or well being. Others claim that analgesia 
is a distinct propertj’ of analgetic drugs and is 
independent of the euphoric factor. In certain 
people not having pain there is a feeling of eu- 
phoria following morphine, while in the same 
individual or others haring pain morphine pro- 
duces only relief of pain with little or no apparent 
euphoria. Morphine dj’sphoria is also noted in 
some normal people not having pain. When an 
individual takes repeated doses of an opiate, there 
is developed a third phenomenon called phj'sical 
dependence, which is an undesirable side action. 
Despite this factor no drug is known to be as 
effective as morphine for the relief of pain. When 
the chemical structure of morphine is altered to 
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decrease its addiction liability, there is generally a 
corresponding decrease in its analgetic properties. 
This then raises the question as to how intimately 
are euphoria and physical dependence associated 
with a drug to make it an excellent analgetic 
comparable in effectiveness with morphine, and 
how can dissociation be effected? The subject 
matter of this symposium is not limited to the 
opiates, but includes some of the non-opiate 
analgetics as is discussed in Part III. 

The discussion of this problem was proposed 
for a dinner meeting of the Drug Addiction Group 
to be held in connection with the Federation of 
American Societies for Experimental Biology at 
Cleveland in the Spring of 1943. Four speakers 
were invited to discuss key aspects of this prob- 


lem. Due to the war emergency and restrictions in 
travel, the Federation meetings have been post- 
poned. In order that progress in this field not be 
interrupted too severely, the guest speakers have 
agreed to prepare their talks in the form of a 
published Symposium. The views presented by 
each speaker are independent, and in some in- 
stances, may be in opposition with each other. 
It is hoped that various ideas presented will serve 
to stimulate thought, to raise further questions, 
and to give opportunity for exchange of ideas for 
further research on new analgetics and on prob- 
lems of drug addiction. It is planned that when 
the Federation meetings are resumed, that this 
subject will be the topic for an after dinner 
meeting. 


I. WITH REFERENCE TO EUPHORIA 


J. D. REICHARD 

Medical Director, U. S. Pxtblic Health Service, Medical Officer in Charge, United States Public Health 

Service Hospital, Lexington, Kentucky 


Euphoria is defined as a feeling of well-being and 
buoyance, an indication of good health. Its an- 
tonym is dysphoria, a feeling of ill-health and 
discomfort. 

This word has, in medical circles, acquired a 
meaning quite alien to its proper one. It is used 
rother regularly with reference to the emotional 
Late of the paretic and as a term of reproach to 
•”ug addicts suggesting that the addict is trying 
to obtain a feeling of well-being, buoyance and 
good health to which he is not entitled. The im- 
plication is that the addict should be satisfied with 
discomfort and unhappiness and that the search 
for euphoria on his part is wrong. 

The explanation of this distortion of a word 
otherwise without moral connotation seems to bo 
that there are probably two kinds of euphoria 
which might, for convenience, be designated as 
true and false. True euphoria is present either 
when the body is in the highest degree of health 
with abundant energy and a well established and 
stable homeostasis, or when the cause of some 
discomfort or pain is rather suddenly eliminated. 
False euphoria occurs when a discomfort or pain is 
masked by medication which creates insensibility 
or indifference to a still existing situation. 

The condition to be relieved or masked before 
euphoria occurs may be either in the external or 
in the internal environment. -4s an example of an 
external environmental situation the relief of 
which causes euphoria, we may consider the effect 
on the individual of a state of war. Tension, worry, 
uncertainty, associated with the war, produce 


in many persons a rather high degree of dysphoria. 
If, as occurred on November 11, 1918, it appears 
that the cause of this unhappiness has been 
dissipated, a verj"^ marked euphoria occurs result- 
ing in such demonstrations as the Armistice cele- 
bration at that time. This could be considered 
as an example of true euphoria. If on the other 
hand, an individual, without waiting for thewar 
to terminate, uses alcohol or drugs to dull his 
realization of the situation, the resulting euphoria 
would be the tj'pe which has been designated as 
false. 

For an example of internal environmental ab- 
normality producing dysphoria, we ma}' take an 
attack of paroxysmal tachycardia. During the 
attack definite dysphoria exists, and when the 
attack ceases a positive euphoria is usually c.xperi- 
enced. If while the attack continues the person 
seeks relief by the use of an opiate or some other 
drug, for example alcohol, the euphoria whic i 
might result could be designated as f.alse. 

The chronic euphoria which exists in the hypo- 


manic and the spectacular changes in 


mood 


occurring in the cyclo-thymic personality may 
possibly be related to changes in the vegetative 
nervous system. Improvement in research tec i 
niques, especially along the line of cbcmistr}, 
biology and physics, must be made aval a J 
before this problem can be approachcc . 
classical picture which sometimes occurs ‘ 
symptom of dementia paralytica can proa J 
related to lesions in the higher centers o 
nervous sj'Stem. It is suggested that these cs 
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produce an effect analogous to that produced by 
pharmacological action in lessening the activity 
of higher centers. The resulting euphoria may 
be regarded as a false one on a relatively irre- 
versible organic basis. 

The production of a false euphoria by medical 
treatment must not be regarded as improper or 
unethical. The practice of medicine, especially of 
surgery, would be almost entirely impossible if it 
were not for our ability to produce during the 
post-operative state a false euphoria by the 
proper administration of opiates or other drugs. 
It is the desire of people for euphoria which has 
created the medical profession. Patients are not 
interested in Sne-drawn philosophical distinctions 
as to whether the sense of well-being is due to the 
relief of the condition or to the masking of it. 
What they seek is the relief of dysphoria and the 
production of euphoria. It is, of course, the 
responsibility of ethical physicians to restrict 
the production of false euphoria to absolutely 
necessary situations, but no hesitancy must be 
exhibited in producing this false euphoria, espe- 
cially in the treatment of such conditions as 
shock. 

The abnormality of the internal environment 
which is designated by the term “tension” is an 
important factor in the occurrence of dysphoria, 
and its relief is usually associated with euphoria. 
Many mental states, most of them unpleasant but 
some of them pleasant, produce more or less pro- 
found disturbances of the vegetative nervous 
system. Whether a line can be drawn between the 
ideational concept of an emotion and its physio- 
logical accompaniments is probably a philosophi- 
cal hair-splitting which is unproductive and which 
represents a tendency toward metaphysics. The 
facts are that a high degree of emotional dis- 
turbance is associated with such unpleasant and 
uncomfortable physiological disturbances as ir- 
regular heart action, headache, pylorospasm, 
hyperactivity of the gastro-intestinal tract, flush- 
ing or peripheral vascular constriction, and the 
like. 

Unfortunate^', we do not have objective meth- 
ods for studying and measuring tension. A begin- 
ning is being made, but a much more refined ap- 
proach to the problem is necessary. When this is 
developed, onr understanding of personality, the 
use and misuse of drugs and the change of dys- 
phoria into euphoria will probably be much 
simplified. 

There arc probably three aspects to this dys- 
phoria, namely, tension, disturbance in home- 
ostasis, and what may be termed physiological 
unhappiness. These cannot bo separated and in 
fact may bo identical, merely different ways of 
looking at the same phenomenon. It is recognized 
that a high degree of discomfort associated with 


these three aspects occurs both with neurotics and 
with psychopathic individuals and is one of the 
principal sources of their discomfort. Its relief may 
lead to an immediate reversal of the person's atti- 
tude toward himself and toward his external 
environment. 

It is interesting to speculate as to whether 
relief of tension might be considered a false or 
true euphoria. In other words, is the relaxation of 
muscle spasm or the relief of an irregular heart 
action an elimination of the source of the discom- 
fort, or is this merely a temporary masking of 
symptoms? The answer to this question depends 
very largely upon the mental attitude of the 
worker. It is possible that when the peripheral 
manifestations of an emotion can be safel3’ and 
properly relieved it will be found that the unpleas- 
antness of the emotional state will have been 
dissipated. If this conjecture is true, we may find 
that true euphoria can be produced bj’ action on 
these terminals without any necessity to obtund 
the higher centers. 

Analgesia refers to the relief of pain. It is, of 
course, difficult to draw the line between a severe 
discomfort and a mild pain. This rests very largely 
upon the individual’s interpretation of his sensa- 
tions. For example, some persons have, tradi- 
tionally, a stoical attitude toward discomfort and 
pain and minimize suffering of anj' sort. Otliers 
have a very low threshold for cither phj’sical or 
mental pain. Neurotic and psychopathic indi- 
viduals freq\iently exhibit very low thresholds for 
pain and for discomfort. Much of the trouble 
which the psychopathic individual engenders is 
closelj' associated with his complete inability and 
unwillingness to endure any discomfort, whether 
this be in the sociological , psychological or phj'sio- 
logical fields. The problem is further complicated 
by the fact that pain produces tension which in 
turn produces more pain, thus creating a vicious 
cj'clc. When this cj’cle is broken at anj' point, 
cither bj' an analgetic or by a substance which 
dissipates tension, euphoria is very commonlj' 
experienced. Whether this is a false or a true 
euphoria need not trouble us if the method of 
relieving cither the pain or the tension is one n hich 
does not have dangerous repercussions either in 
the physiological or the sociological fields. 

Phj-sical dependence has been demonstrated 
onlj' for opium and its derivatives and for demcrol. 
Since the work on the latter drug is fair!}' recent 
and has not as yet been confirmed bj' other work- 
ers, it will be well to confine this discussion to 
the relationship of euphoria to the physical 
dependence which develops following prolonged 
use of opiates. 

When a presumablj’ normal individual is given 
an injection of morphine, dj'sphoria rather fre- 
quent!}’ results. This may vary in degree from a 
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mild feeling of anxiety to fear, nausea, and vomit- 
ing. When a normal person suffering from a severe 
pain receives enough morphine to relieve his pain, 
euphoria usually occurs without these manifesta- 
tions. When a former addict receives a dose of 
morphine, euphoria rather regularly occurs. 
Sometimes with presumably normal, pain-free 
individuals, euphoria instead of dysphoria will 
follow an injection of morphine. Investigation 
of this small group should be carried out to deter- 
mine what the types of the personality are and 
whether these might be considered as potential 
narcotic drug addicts. 

The repeated administration of opiates rather 
rapidly results in the development of tolerance. 
As this occurs the addict develops physical de- 
pendence, and his struggle is to obtain sufficient 
drugs to prevent the dysphoria associated with 
the withdrawal syndrome. However,, he still 
strives, by increasing his dose, to attain Jiis 
earlier experience of euphoria. By this increase in 
dosage he increases both tolerance and physical 
dependence, thereby establishing a vicious cycle 
which is probably responsible for many of the 
legal and social difficulties in which narcotic 
addicts become involved. 

Other drugs also exhibit a marked variation in 
their results. For example, with certain persons the 
ingestion of a moderate amount of alcohol pro- 
duces euphoria, while excessive doses destroy it, 
causing either depression or an attitude of hostil- 
ity and aggressive anti-social activity. With other 
persons, no overdose will take away the feeling 
of euphoria. With others, again, euphoria never 
occurs, the initial effect of the drug being at once 
to relieve depression or hostility. The same 
individual at different times may show deviation 
from his usual response. For example, the period 
of euphoria may be brief or may not appear'. 
Possibly this can be related, to conditions of 
absorption and excretion, and specifically to the 
concentration of alcohol in the brain. If it were 
possible to determine at frequent intervals the 
alcohol content of the brain, we might find that 
there is a definite relationship between a particu- 
lar mental state and the concentration of alcohol 
in the nervous system. 

With barbiturates, the route of administration 
has an important relationship to the production 
of euphoria. Almost invariably, irrespective of the 
type of personality or the state of internal environ- 
ment, a small dose administered intravenously 
will produce a strikingly uniform euphoria, with 
affability, accessibility and a sense of well-being. 

Certain persons exhibit very marked symptoms 
of intoxication associated with aggressive anti- 
social . activity following the administration of 
barbiturates. In some persons of this type who 
have been studied, it has been found that an 


encephalopathy is present, and it is quite probable 
that this effect may be the result of brain damage, 
possibly resulting in decreased ability to utilize 
oxygen or an increased vulnerability to a decrease 
in the supply of oxygen. 

The effect of benzedrine in changing an un- 
pleasant mood to the opposite is interesting and 
puzzling. Most of the euphoria-producing drugs 
have the effect of relaxing smooth muscle spasm, 
of decreasing the activity of the sympathetic side 
of the vegetative nervous system. Benzedrine, 
however, has a sympathico-mimetic action, and 
yet with some people it produces a pronounced 
euphoria. Here is a fertile field for intensive 
study with improved techniques to unravel some 
of the riddles of homeostasis. 

Very little is known about the euphoria-produc- 
ing qualities of Indian hemp and its derivatives, 
the chief one used in this country being known as 
marihuana which is usually taken by smoking. 
Some persons attain a marked euphoria from it, 
and it is for this reason that it is used. It is re- 
ported that moderate over-dosage produces a state 
of fearfulness and uneasiness and that habitual 
users tend to limit their dosage much more defi- 
nitely than do the users of opiates. Work is now 
being done with a standardized preparation of the 
active principle, and it is hoped that some definite 
information can be obtained. It is possible that 
suggestion and group psychology play a consid- 
erable part in the production of the alleged effects 
of this drug. 

Demerol in some persons produces a definite 
euphoria in the absence of pain. It may be that 
these are persons who are suffering from an undue 
amount of tension resulting in smooth-muscle 
spasm and that euphoria is the result of the release 
of this spasm. Until we have an objective quantifi- 
cation of tension, here, as with other drugs, our 
conclusions must be empirical and tentative. 

Conclusion. It is suggested that the explana- 
tion of the disrepute into which the word eu- 
phoria” has fallen is that there are probably tw 
kinds; true, when an abnormal situation is dissi- 
pated, and false, when the situation is masked ) 
obtunding some part of the nervous system. 

Euphoria can in some instances be related very 
definitely to analgesia since relief from pain vi 
usually produee it. However, in many other eases, 
euphoria arises from relief of discomfort, vorrj, 
tension, physiological unhappiness or depression. 

Euphoria from the use of opiates tends to e 
less easily attainable with the development o 
physical dependence, and in this sense these p la 
nomena may be considered as antipathetic to coo 
other; the higher the degree of physical 
ence, the less easily is euphoria attainable, an 
less the physieal dependence, the more casi y i 
euphoria occur. 
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The search for euphoria is sound biologicalb'. 
Our goal should be the attainment of a true eu- 
phoria by the elimination of the situation which 
causes dysphoria. However, it is frequently neces- 
sary to resort to what has been tentatively desig- 
nated as false euphoria, sometimes in order to 
save a life, sometimes only to make life reasonably' 
tolerable. The methods by which people seek 
euphoria are sometimes harmful or dangerous, but 


the desire to attain a feeling of well being and 
buoyance is not to be condemned. 

When we have a better knowledge of human 
physiology and of its control, we may be able to 
obtain for our patients, including actual and 
potential drug addicts, a true euphoria. When this 
knowledge and control have been obtained, the 
prevention and cure of narcotic drug addiction 
may be greatly simplified. 


II. WITH RELATION TO ANALGESIA AND CLINICAL EXPERIENCE 

LYNDON E. LEE, Jr. 

Department of Pharmacology, University of Michigan School of Medicine, Ann Arbor 


Webster’s New International Dictionary of the 
English Language (J'lerriam Co., 1932) and Dor- 
land’s American Illustrated Medical Dictionary 
in its nineteenth edition agree that euphoria indi- 
cates a “bearing well,” the condition of feeling 
well, a sense of good health and bodily' comfort, 
an absence of pain or distress. There has been a 
tendency among those who work with opiates to 
depart from this strict definition. The euphoria 
produced by narcotics is interpreted by these 
workers as something more than the normal sense 
of physical and mental well being. Their inclina- 
tion is to attribute to the drugs an ability to 
cause exaltation or an abnormally pleasant lassi- 
tude. This broader interpretation will bo used for 
euphoria throughout this paper. 

Scevers (1) indicates that pain may bo relieved 
by 1, abolition of pain stimuli; 2, blockade of pain 
pathways; 3, increase in pain threshold; 4, modi- 
fied pain reaction pattern; 5, induction of sleep, 
stupefaction or anesthesia. Any one, or all of these 
can be called analgesia, which leads to the defini- 
tion of analgesia as an absence of pain, whether in 
health or disease. There can bo little doubt in 
the mind of anyone who has really considered 
the matter that euphoria in the sense of an abnor- 
mal stimulation or depression of mind is not 
necessarily associated with analgesia. Proof of 
this, if any is needed, lies in the fact that the 
principles listed by Seevers can be introduced 
in many different way's and under quite different 
conditions. Methods of introducing these princi- 
ples include psychic, surgical, roentgoenoiogical, 
possibly' endocrine, and even pathological. This 
is illustrated by' the examples of the psychologi- 
cally induced increase in the pain threshold and 
modified reaction to pain during the excitement of 
an athletic contest or sexual intercourse; in the 
surgically' induced blocking of pain pathways 
following successful rhizotomy or cordotomy' for 
whatever cause; in the radiologically induced 


abolition of pain stimuli afforded patients given 
deep x-ray therapy to relieve pain from osseous 
metastases of various carcinomas ; in the analgesia, 
apparently endocrine induced, afforded sufferers 
of pain from metastatic carcinoma of the prostate 
who have undergone orchiectomy or stilbesterol 
treatment (2); and in that pathologically induced 
interruption of pain pathways resulting from the 
bizarre affliction syringomyelia. It becomes neces- 
sary, then, to establish a further definition of 
terras before continuing the discussion. The title 
question must be restated to ask, “Can a drug- 
induced absence of pain bo distinguished from a 
drug-induced sense of abnormal well being and 
bodily comfort; is physical dependence at least in 
part a factor of this euphoria; and is it possible to 
preserve the drug induced analgesia while elimi- 
nating the drug induced euphoria and phy'sical 
dependence?” On this basis concern may' be lim- 
ited to whether or not one can separate three drug 
effects in an individual susceptible to drugs 
capable of producing these results. Automatically' 
wc are reduced to a consideration of the opium 
derivatives, Demerol, and possibly cocaine and 
alcohol, since these are the only drugs recognized 
as capable of producing a degree of analgesia, eu- 
phoria and physical dependence. The position is 
further simplified since cocaine is now of so little 
importance as a drug of .addiction, alcohol is sel- 
dom considered a drug of addiction, and Demerol 
is so little known and available only for experi- 
mental purposes. 

In their work with morphine and its derivatives 
both the pharmacologist and the clinician attri- 
bute to thesodrugs the ability to cause, to a greater 
or less degree, certain specific actions in human 
and animal subjects. Furthermore these actions 
arc thought to bo related directly to the chemical 
structure of the drugs and to be alterable with 
variations in the molecule. Ilimmclsbach (3) has 
investigated the effect of chemical v.ariations of 
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the phenanthrene group on the potency and 
duration of physical dependence action of each 
of ten related drugs of the morphine, codeine 
series. Eddy (4) has studied toxicity, convulsant 
action, general depressant, analgesic, exciting, 
emetic and respiratory effects in various animals, 
and he adds that, “The administration of mor- 
phine to man, at least in many individuals, not 
only relieves the discomfort of pain and restless- 
ness but also causes a pleasurable feeling of well 
being, a ‘euphoria’.” The suggestion is that this 
“pleasurable feeling” is in itself an entity, the 
direct result of opiate action. Such recognition 
further supposes that “euphoria,” being a sepa- 
rate entity, is variable independent of other 
morphine effects when the basic molecular struc- 
ture of the drug is altered. This asks no more of 
euphoria than of the other recognized effects of 
morphine that can be increased or suppressed by 
small alterations in the molecule. An example with 
which all are familiar is the decreased stimulating 
and depressant action obtained in the simple 
change from morphine to codeine. Dilaudid and 
Metopon show changes to lesser degree with a 
definite increase in analgesic action and decrease 
in hypnotic effects. The premise is further sub- 
stantiated by the addict who prefers heroin’s 
subtle seduction, accepts the grosser joys of mor- 
phine administration, and disdains the impotent 
codeine. In the administration of morphine and 
related drugs we must, therefore, agree with Doc- 
tor Eddy’s implication and isolate from the ability 
to allay pain, i.e., analgesia, the stimulating 
or depressant action, i.e., euphoria, created by 
these substances. It is necessary at this point to 
insist that in those persons who are in a normal 
state of psychological equilibrium in relation to 
the immediate environment and circumstances 
morphine administration is not always a pleasant 
experience (5). 

In considering the relationship of analgesia and 
euphoria one must recognize the concept that 
analgesia from drugs moves only from severe pain 
to less severe pain. That is to say that analgesia 
has only a unidirectional effect. Euphoria, on the 
other hand, is bidirectional in its effect since it 
can be the result of stimulation from a phase of 
hebetude, or depression from a phase of agitation. 
It is in the persons abnormally depressed or ex- 
cited that morphine tends to produce euphoria. 
The drug effects move them away from their ab- 
normal, and therefore probably objectionable, 
psychic state toward, or in some cases through 
normalcy. The rate at which this change is made 
and the amplitude of the swing to or from normal 
determines in great degree the intensity of pleas- 
ant or unpleasant effects of the drugs. In addition 
the comfort or discomfort induced by the drug is 
altered by the intensity of the side effects accruing 


from drug administration. When we speak here of 
an abnormal psychic state it is not necessary to 
consider the patient a candidate for psychiatric 
consultation. Normality and abnormality are 
entirely relative to the existing psychic state 
of the individual in his relation to the immediate 
environment and circumstances. This is repeatedly 
demonstrated in following preoperative cases 
before anesthesia is started, and is particularly 
prominent when the preoperative narcotics are 
given intravenously. Obviously this is the method 
by which the most rapid alteration in psychic 
state is produced and serves to emphasize again 
the importance of the rate of change. In a patient 
in normal psychic equilibrium in relation to the 
existing circumstances stimulation or depression 
would be a move toward the abnormal, and as such 
it would probably be interpreted as unpleasant. 
This point of unidirectional analgesia and bidirec- 
tional euphoria is outstanding in importance since 
it is one where the characteristics of analgesia and 
euphoria do not overlap. 

Euphoria is to be considered one of the unde- 
sirable side actions of morphine when the effect 
desired is analgesia alone. As such it can be 
included with the toxic, convulsant, emetic, res- 
piratory depressant, and dependence producing 
actions of the drug. We recognize that members 
of the feline family, pigs, horses, goats and some 
women gain from morphine administration an 
e.xcitatory stimulus which, with sufficiently large 
doses of the drug, progresses to absolute mama. 
It is impossible in the present stage of our knowl- 
edge to exclude the possibility that the drug- 
induced state of euphoria is this same excitatory 
response altered only in degree. Also the depres- 
sant effects of the drug may well be interpreted ns 
euphoria in the patient brought from a stage of 
great agitation to one of pleasant lassitude. Recog- 
nition must be given to the probability that 
early habituation to the drugs and later depcn ■ 
ence upon them is, at least in part, a factor of t us 
euphoria. Certainly it is usually the main object 
which leads the inebriate individual to seek repe 


tition of the experience in the early stages 


of 

addiction. Lawrence Kolb (6) condones this thin 
ing when he says that a majority of addicts are 
persons of inferior psychic makeup striving 
means of the drugs to more nearly approac 
normality; and he justifies their attempt when le 
claims that many addicts supplied with adequa 
amounts of drug are better and more usefu ci 
zens than when they are kept abstinent. jC^ 
emphasize that he is speaking of 
viduals, not the psychologically normal ' 

who have been accidentally or neccssan y r 

to phjmical dependence during the thcrape 

use of the drugs. . . of 

There is a definite variation in the intensi > 
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the stimulating action of morphine depending 
upon the mode or route of administration. The 
intravenous route has been shown to be that 
from which the greatest stimulation is obtained 
(7). Addicts who use tlie intravenous method 
prefer it mainly because of the speed with which 
drug effects arc obtained and the gratifying initial 
jolt which occurs when the drug is injected. In 
both the intravenous and the subcutaneous meth- 
ods of taking the drugs the needle’s peculiar asso- 
ciation with addiction is a consideration. Eu- 
phoria, as well as all of the other effects, is far 
less marked with oral and rectal use of the opiates. 
This is probably due to the slower absorption and 
consequent lower total dose in the circulatory 
and central nervous systems at a given time. 

The question of duration of euphoria is difficult 
to settle in the present state of our knowledge. 
In considering the action of the morphine deriva- 
tives it can be generally stated that an increased 
speed and intensitj' of analgesic action is accom- 
panied by increased addiction liability of the drug 
and a decreased duration of action. In the absence 
of any objective data on this point we can only 
suggest that this is probably also true of the 
euphoria inspired by these substances. 

The size of the narcotic dose should bo con- 
sidered in any discussion of the euphoria initiated 
by the opiates. Wolff, Hardy and Goodcll (8) 
claim that therapeutically these drugs arc mainly 
dependent upon a) pain threshold raising action; 
b) dissociation of pain perception from the usual 
reaction to pain; c) induction of Icthargj' and 
sleep. The pain threshold raising action and a 
degree of dissociation from pain reaction are the 
effects for which we should strive in using the 
drugs as analgesics. Complete dissociation from 
pain response and the induction of lethargy and 
sleep arc, in the mind of this author, the result of 
morphine overdose and tend to the production of 
euphoria and physical dependence. In early use 
of the drug they are more prominent but differen- 
tiation is soon possible in cases using morphine 
longer than three or four days. This might be con- 
sidered evidence of the speed with which tolerance 
can bo developed to these effects. We fail to recog- 
nize in many inst.ances that there is a limit to the 
analgesia we can expect from morphine, and many 
of us unfortunately attempt to overcome this 
limitation by the administration of larger doses 
given at shorter intervals. In so doing we invite 
emphasis upon the undesirable effects of the drugs. 
It is necessary to stress the belief that morphine 
should bo used in its minimal effective clinical 
analgesic dose and that its effectiveness should be 
judged entirely on the basis of analgesia. If 
hypnosis is desirable in a specific case it can be 
obtained by the supplemental use of a barbiturate 
rather than increased morphine intake. This au- 


thor is convinced that in a large majority of pa- 
tients analgesia is obtained with doses less than 
arc ncccssar 5 ' to cause the undesirable euphoric 
effect. 

In personal dealings with patients it has been a 
practice, in spite of the history and family in- 
sistance that the patient is in great need of large 
doses of narcotics, to completely withdraw these 
drugs from anyone referred for recommendations 
as to control of pain. This rule is modified if the 
patient is obviously in extremis or it is agreed 
with the referring physician that we are justified 
in the use of morphine for its psychological effects 
of freedom from anxiety, relaxation, contentment, 
apathy, depressed mental ability, and sleep. 
These effects are admittedly desirable in some 
cases, particularly those requiring only a few 
doses of narcotics to control acute pain accom- 
panied by psychic trauma. Withdrawal in all 
others is instituted first to demonstrate the need 
for narcotics to control pain; second to determine, 
if abstinence can be maintained sufficiently long, 
whether or not previous narcotic experience has 
left the patient in any degree dependent upon the 
drugs; and third to afford a foundation of definite 
knowledge upon which to lay plans for the further 
use of narcotics in the control of the patient’s 
future pain. Withdrawal is continued only long 
enough to afford the necessary information. The 
number of patients who, with good nursing care, 
are more comfortable when taking very small 
doses of narcotics or when completely abstinent 
from these drugs is a continual source of surprise. 
Maintained on thep lower doses patients remain 
comfortable and avoid dependence far longer than 
when the drugs arc given in larger doses and 
judged for effectiveness on the basis of hypnosis 
and psychic stimulation or depression. This can 
only be interpreted as further proof that opiates 
used in their minimal effective clinical analgesic 
dose do not produce mental pleasure in most indi- 
viduals. 

Analgesia and euphoria arc both subjective phe- 
nomena. As such they arc dependent upon the 
existing psychic state of the individual in relation 
to the immediate environment and circumstances. 
Since this is true both analgesia and euphoria can 
be defined in relative as well as absolute terms and 
values. Both analgesia and euphoria may be 
altered by the strength of the pain stimulus and 
cither or both may be altered by the strength and 
character of the drugs employed. Tlie speed of 
change from a relatively abnormal psychic state 
to one relatively more normal, and the amplitude 
of this change arc largely the determining factors 
in the intensity of euphoria produced by a drug. 
Drug effects are further dependent upon the 
algebraic sum of pleasant and unpleasant results 
accruing from tlioir use. Wo must admit that we 
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have not brought to the clinic an opiate which 
affords the desired analgesia without the tendency 
to cause physical dependence in the vast majority 
subjected to prolonged use, and euphoria in a small 
minority no matter what the duration of narcotic 
experience. Thus we arc forced to the conclusion 
that these factors are apparently inherent in the 
pharmacologically active phenanthrenes, and that 
to avoid them we must turn our investigation to 
other chemicals for a drug affording analgesia 
alone. 

SuxniARY. Euphoria, as interpreted by those 
who work with narcotics, implies a pleasant 
ps 3 'chic state beyond that of physical and mental 
normal. 

Euphoria is not necessarily associated with 
analgesia when analgesia is defined as an absence 
of pain, whether in health or disease. 

Euphoria, analgesia and physical dependence 
ai'e separate effects of morphine and its deriva- 
tives. As such thej' can be differentiated in the 
patient, and can be independently altered with 
variations in the morphine molecule. 

Morphine effects are not a universallj'' pleasant 
experience. 

Euphoria is to be considered one of the unde- 
sirable side actions of morphine administration 
when the objective in the use of the drug is anal- 
gesia alone. 

Euphoria may be the excitatory or the depres- 
sant response to morphine altered only in degree. 
The amplitude of the change toward psychic 
normality in relation to the immediate environ- 
ment and circumstances, and the speed with 
which this change is effected determine the in- 
tensity of euphoria. This stimulation or depres- 
sion is usually the object in the inebriate’s attempt 
to repeat the experience of morphine administra- 
tion in the early stages of addiction. 

The mode of administration of morphine causes 
a variation in the intensity of the actions of the 
drug. 

It is a general rule that addiction liability is 
greatest in those morphine derivatives with a 
rapid, intense and short lived analgesic action. 
It seems probable that euphoria follows this same 
general rule. 

There is a limit to the analgesia we can expect 
from morphine. In attempting to overcome this 


limitation by the administration of larger doses 
given at more frequent intervals the patient is 
e.xposed to the unnecessary and undesirable side 
effects of the drugs. 

Morphine should be administered in its minimal 
effective clinical analgesic dose and its effective- 
ness judged solely on the basis of analgesia unless 
the case is one of acute pain and accompanying 
psychic trauma where the psychic effects of the 
drug are desirable. When narcotics are adminis- 
tered in their minimal effective clinical analgesic 
dose patients remain comfortable, euphoria is 
largely' avoided, and the development of de- 
pendence is considerably' postponed. 

If hypnosis is desirable in a specific case receiv- 
ing narcotics for analgesia the addition of a bar- 
biturate hypnotic to the’ morphine analgesic is a 
satisfactory procedure. 

Analgesia from narcotics occurs with doses 
below the level required to cause euphoria. 

Unless the patient is obviously' a terminal case 
or we admit that we are using narcotics for their 
psj'chological effects complete withdrawal for a 
period when first evaluating the case allows: a, 
Proof of the patient’s narcotic necessity; 6, an 
estimate of the existence of dependence developed 
during previous narcotic e.xperience and; c, af- 
fords a foundation of definite knowledge upon 
which to base decisions as to further use of nar- 
cotics for the control of future pain. 

Conclusions. We have been unable to bring to 
the clinic an opiate which preserves the desired 
analgesic action, eliminates the development of 
phy'sical dependence and which, in excessive doses, 
does not produce euphoria in a small group of 


patients. 

The factors euphoria, analgesia and phy'sical 
dependence are apparently inherent and insepa- 


rable in the pharmacologically' active phennn- 
threne derivatives although their intensity' can be 
altered independently' with variations in the 
molecule and their presence differentiated in the 


patient. 

It is steadfastly maintained that euphoria, 
analgesia and physical dependence can be sepa 
rated. It seems probable that to produce a drug 
which affords analgesia alone one must turn to 
chemicals other than the phenanthronc group. 
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III. THE NON-OPIATE ANALGESICS 

RATION B. CL.ARK 

Department of Physiology and Pharmacology, Union University, Albany Medical College, Albany, 

New York 


The original purpose of this communication 
which was to introduce this phase of the subject 
for discussion has been retained, and therefore, 
this review is intended to bo neither complete nor 
conclusive. The drugs of this group will be briefly 
explored in the light of the question; “Can the 
euphoria, analgesia and physical dependence 
effects of drugs be separated?” Only those drugs 
which have some analgesic effect after absorption 
will be discussed. This excludes the local anes- 
thetics such as cocaine, and other drugs which 
produce analgesia by local action. 

The non-opiate analgesics include a large 
number of drugs of widely different chemical 
structure. The following have been chosen for 
discussion: Demerol, Alcohol, Acetanilid, Aceto- 
phenctidin, Antipyrine, .Aminopyrine, Salicylates, 
Barbiturates, Trichlorcthylene, Ergotamine, and 
Caffeine. 

A number of reviews are available which con- 
sider various aspects of this subject: theories of 
drug addiction, pharmacology of drug addiction, 
and a consideration of euphoria, analgesia habitu- 
ation, tolerance, physical dependence and with- 
drawal sj'ndromes (1-4); demerol (5); alcohol 
(6, 7); synthetic analgesic-antipyretics (8); aro- 
matic amino and nitro compounds (9) ; acetanilid 
(10); acetophenetidin (11); salicylates (12); 
barbiturates (13, 14); and therapeutic agents of 
the quinoline group (15). 

Demerol, a new synthetic analgesic possessing 
certain properties similar to those of morphine 
and atropine, was introduced by Eisleb and Schau- 
mann in 1939 (16). Demerol (l-methyl-4-phenyl- 
piperidine-4-carbonic acid ethyl ester hydro- 
chloride) has also been known as Dolantin, 
Eudolat, Dolantol, and D-140. Climenko (17) 
has suggested that the compound has a certain 
structural similarity to atropine and morphine. 

Pharmacological studies have been carried out 
by a number of investigators (16-21). The acute 
toxicity is relatively low except on intr.avcnous 
injection when the drug produces a fall in blood 
pressure apparently due to peripheral vasodila- 
tion (20). Chronic toxicity studies by Gruber 


et al. (20) on dogs revealed that 100 mgm. per kgm. 
per day produced hyperirritability, spastic exten- 
sion of all extremeties, unsteady gait, mydriasis, 
rapid shallow respiration, and clonic convulsions 
precipitated by noise or touch; these symptoms 
subsided before the next dosage. In these and other 
experiments, no development of tolerance was 
observed to these effects. Climenko (17) obtained 
no evidence that experimental animals developed 
physical dependence; a slight sedative and a 
marked analgesic action on mice, rats, cats, dogs, 
and monkeys was observed. The effect of demerol 
on the gastrointestinal tract in animal experiments 
has been variable depending upon the animal used 
and the method of study (17-31 ; but see 5). How- 
ever, a number of workers have reported a spasmo- 
lytic action on preparations of quiescent gut or 
th.at spastic to acetylcholine, histamine, and 
barium chloride (17-21). Nevertheless, Gruber et 
.al. (20) found the response unpredictable in several 
different types of preparations. Climenko (17) 
states that the spasmolytic effect is due partly to 
an atropine-like action, and partly to a direct 
smooth muscle depressant action. As we shall see, 
most of the evidence indicates a spasmolytic ac- 
tion on smooth muscle in man. The sedative effect 
of the drug in animals is apparently weak (17, 19, 
20). However, it has a potentiating effect on the 
hypnotic action of sodium evipal (22) and sodium 
pentothal (23). It decreases the induction time and 
prolongs the anesthetic time of nitrous oxide- 
oxygen (21), and decreases the amount of cyclo- 
propane required to produce anesthesia (23). In 
man, cutaneous pain threshold studies (17, 21) 
(Wolff-Hardy technic, 24) showed that 100 mgm, 
orally produced a maximal elevation of the 
threshold of 50 per cent in one hour which returned 
to normal in 6 hours. With intr-amuscular injection, 
the peak w.as reached in 45 min\ites; it was found 
that 50 mgm. was as potent as 22 mgm. of codeine, 
and that 125 mgm. produced as much elevation as 
17 mgm. of morphine but was of shorter duration. 

The chief clinic.al therapeutic effects are anal- 
gesia, spasmolysis, mild to raodorato sedation; 
euphoria is observed in some cases. The practical 
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use of this analgesic cfTect in man has been applied 
to the relief of pain due to a large variety of con- 
ditions (see 5, 20, 23 for references and infra). 
Visceral pain such as that arising from the peri- 
toneum, pleura, or smooth muscle is relieved more 
effectively than pain arising from skeletal and 
neurological structures (5, 25). Clinical compari- 
son indicates that the parenteral administration 
of 100 mgm. of demcrol are equivalent to 10 mgm. 
of morphine (5, 25). Satisfactory results have been 
reported for the use of the drug for pre-operative 
medication (23), post operative patients (5. 25; 
see 23) and for obstetrical analgesia (26-2S and 
others). Spasmolytic effects have been reported by 
Batterman on the gastrointestinal tract (5, 25), 
by Climenko and Berg (29) on the ureter, and by 
several observers (18, 20, 30 and others) on the 
bronchial musculature. The sedative effect is mild 
but apparently useful in a number of clinical 
conditions. Tolerance is developed to the sedative 
effect (5). With respect to clinical toxicity, nausea 
and vomiting occur in a small percentage of cases, 
some patients complain of dizziness, perspiration, 
lightheadedness and zerostomia; extreme weak- 
ness occurs rarely. No evidence of toxicity to the 
hematopoetic, genito-urinary, or cardiovascular 
sj'stems have been reported (5, 25). 

In pain free “normal” individuals, demcrol may 
produce a significant euphoria which is variouslj' 
described. Although the subjective effects are 
pleasant to some, they may be somewhat dis- 
agreeable to others (5, 25). The morphine-like 
actions of demerol naturally raises the question of 
addiction liability. Several clinical reports have 
suggested that demerol may be habit forming 
(31-34). 

The establishment of some measure of physical 
dependence in morphine post addicts has been 
reported by Himmelsbach (35). When rather large 
doses repeated at 'frequent intervals were ad- 
ministered mild abstinence signs were noted after 
1 and 2 months when the drug was withheld for 24 
hours. After 11 weeks, abrupt withdrawal pro- 
duced a characteristic abstinence syndrome 
which, however, was less severe than after mor- 
phine. In morphine addicts with established 
phj'sical dependence, demerol was substituted for 
10 days and then abruptl}’’ discontinued. Support 
of morphine physical dependence by demerol was 
incomplete; after demerol withdrawal the signs of 
abstinence were intensified for 2 days, but were 
less severe than after withdrawal of morphine or 
codeine. On the other hand, Batterman (5, 25) has 
not observed the development of physical depend- 
ence in the ordinar 3 " clinical use of the drug in 
patients who were not post addicts. However, it is 
quite possible that abuse of the drug may produce 
habituation and phj'sical dependence in certain 


individuals, although the liability appears to be 
less than with morphine. 

A discussion of tolerance must take into account 
several actions of the drug; sedation, analgesia 
and cerebral stimulation. Tolerance appears to 
develop rapidly to the sedative action (5). An- 
drews (36) has noted in post opiate addicts that 
tolerance is rapidly gained to the pain threshold 
raising effects (Wolff -Hard}’') when large doses of 
demerol arc allowed. Tolerance was evident in 2 
weeks and reached a maximum in 8 weeks. In 
another study (37) under similar conditions on 
post-opiate addicts, the subjects chose dosages 
which resulted in exaggerated tremors, graduating 
into muscle twitches, and finall.v into gross jerking 
of the extremeties, hallucinations, increased sensi- 
tivity to sudden noise, and weakness in the 
extremeties (these are similar to effects described 
in animals by Gruber et ah). Electroencephalo- 
grams revealed the appearance of slow waves after 
only a few daj’s of demerol administration which 
progressivelj’’ became slower and increased in 
amplitude. The slow waves persisted for 48 hours 
after withdrawal. These clinical and electroen- 
cephalographic changes are in sharp contrast to 
those observed in addicts receiving large regular 
doses of morphine within their limits of tolerance 
(37). Thus the post-opiate addict will choose 
dosages of demerol which exceed his tolerance for 
the cerebral stimulant effects. The dosages em- 
ployed in these studies arc large compared with 
those used for clinical relief of pain. It is probable 
that amounts greater than 150 mgm. every 3 hours 
should not be given (5). Tolerance to the clinical 
analgesic effectiveness of the drug have not been 
evident so far (5) . 

Alcohol is one of the oldest analgesics. In recent 
measurements of cutaneous pain thresholds, Wolff, 
Hardy and Goodell (38) observed that a single dose 
of 30 cc. of alcohol produced a maximal elevation 
of 45 per cent; larger doses produced no greater 
elevation but prolonged the duration; and fre- 
quently repeated doses sustained the elevatcc 
threshold. The maximal effect of alcohol was not 
increased by the additional administration o 
acetylsalicylic acid although the slower action o 
the latter appeared to prolong the effect. Indncei 
pain did not appreciably alter the threshold raising 
influence of alcohol. However, alcohol produce! a 
considerable elevation of the “alarm reaction 
threshold. Subjective reactions included euphoria, 
relaxation, and freedom from anxiety of pain. 

The psychological effects of alcohol are too "C^ 
known to require comment. Most investiga or^ 
agree that these arc manifestations of ceii r. 
nervous system depression. The fun f'”®" ‘ 
reaction is to make “realitj" less real, v uc i > * 
be interpreted as euphoria. It must be a( rrn > 
however, that the intensity and manifestation 
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ihis reaction differ widely with the individual and 
the circumstances. 

Various factors in the development of depend- 
ence on the effects of alcohol are extensively 
discussed by Bowman and Jollinck (G). They con- 
sider that “primarj' addiction” may develop 
almost immediately and is characterized by an 
intense psychic dependence to the extent that the 
individual has a craving for the effects of alcohol 
and is unable to break with the habit. This de- 
pendence is psychological!}' motivated and intoxi- 
cation serves the purpose of creating an artificial 
adjustment to reality. A physiological basis for 
this type of addiction has not been established. 
It is of interest to note, however, that Richter 
(39) has observed rats to prefer solutions of 1 to 6 
per cent alcohol to water, but apparently disliked 
higher concentrations. The taste threshold of 240 
human subjects tested revealed a similar prefer- 
ence for alcohol, but in many instances they liked 
higher concentrations. 

Further, in primary addiction Bowman and 
Jellinek (6) consider that both chronic alcoholism 
(i.e., objective mental and physiological effects 
resulting from alcohol) and evidence of phs'sical 
dependence may be absent. However, “secondary 
addiction,” which is the most common, develops 
as a result of prolonged and excessive drinking. 
The initial motivation may be to counteract the 
physiological effects of a previous bout, but even- 
tually there is development of some degree of 
physical dependence and there may be evidence 
of chronic alcoholism. The resultant psychological 
pattern of this individual becomes indistinguish- 
able from that of the primary addict. 

The significance of physical dependence as used 
above is not clearly defined, although it is indi- 
cated as the criterion for secondary addiction. 
The withdrawal syndrome in the alcohol addict 
usually consists largely of psychological mani- 
festations, although there is frequently evident 
sufficient increased irritability to require sedation. 
For the most part the physiological basis for 
alcohol addiction has not emerged beyond the 
stage of theories, of which there are quite a number 
(see 6 for references and discussion). Disturbances 
which have been observed in electrolyte and water 
balance (40, 41) may play a significant role. Perti- 
nent to this point, too, are the observations of 
Davis et al. (42) on the influence of alcohol on the 
electroencephalogram in which slow waves ap- 
peared and tended to persist for some hours. 
Further is the well recognized relation of alcohol 
to seizures in epileptic patients. Lennox (43) has 
recently stated “apparently in man (alcohol) 
precipitates convulsive attacks only in those who 
are subject to seizures.” Lennox points out, how- 
ever, that this statement might be questioned 
with respect to persons who have convulsions 


only following intoxication and during the sober- 
ing-up process, and states that it^would be im- 
portant to know whether such individuals had 
pathology of the brain (from alcohol or other 
causes) or whether they had cortical dysrhythmia 
before the symptoms of alcoholism and seizures 
began. Kalinowsky (44) has recently presented an 
interesting discussion of 2 more such cases. The 
evidence is predominantly against the conception 
that alcohol withdrawal bears a direct etiological 
relation to delirium tremens, although the possi- 
bility that it may be one of the factors cannot yet 
be completely discarded. Recognition of the role 
of vitamin deficiencies associated with chronic 
alcoholism has thrown a new light on the physio- 
logical and neuropathic manifestations of this 
condition (6). 

There is general agreement that a certain degree 
of tolerance develops to the effects of alcohol, and 
probably plays an important role in the develop- 
ment of chronic alcoholism. Bowman and Jellinek 
(6) believe that a distinction should be made 
between psychological and physiological toler- 
ance. Bogen (49) reviewed the various mechanisms 
which have been suggested such as absorption, 
e.xcrefion, oxidation, etc. and concluded that none 
of them were adequate to explain the phenomenon. 
The recent experimental work of Newman and 
Lehman (45) and Newman (46) on dogs indicate 
that the mechanism is primarily an acquired tissue 
tolerance which increases with habituation and 
decreases with abstenence. Mirskey’s (47) observa- 
tions on humans suggest a very rapid adaptation 
of the central nervous system to a given concen- 
tration of alcohol. The evidence is insufficient to 
support the idea of an acceleration of the rate of 
o.xidation of alcohol. As to the oxidation of alco- 
hol, work from this laboratory (4S) supports the 
view that the liver is the site of the initial oxida- 
tion and requires insulin for this purpose, and that 
insulin or insulin and glucose accelerates 
oxidation. 

The analgesic-antipyretic drugs included in this 
discussion are the aniline derivatives, acetanilid 
and acetopkenetidin; the pyrazolon deriv'atives, 
antipyrine and aminopyrine; and the salicylates. 
In relation to the factors being considered these 
drugs occupy a somewhat controversial position 
and tlie literature is too extensive to review in 
detail. They all possess some degree of analgesic 
action for certain types of pain arising from 
neural and intogumental structures; they .arc 
usually ineffective for visceral pain. Individual 
differences arc noted in their other central nervous 
system actions; it is questionable whether these 
effects in any measure constitute a true euphoria. 
There is no unequivocal proof that chronic use 
produces physical dependence. Habituation or 
psychic dependence on the analgesic action has 
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been indicated in a number of clinical reports. 
Invariably the primary motivation for continued 
use of these drugs has been for relief of pain, most 
frequently headache. Chronic intoxication is 
sometimes associated with effects on other physi- 
ological systems in addition to the central nervous 
system, e.g., blood. What relation, if any, these 
factors have to habituation is not clear, but the 3 '' 
have been mentioned, especially in connection 
with acetanilid and acetophenetidin, as a secon- 
dary motivation for continuation of medication 
(see 10 for reference and discussion). 

These drugs are often taken in various combi- 
nations, and also Avith other drugs, for example 
codeine, barbiturates, and bromides. Clinical 
reports often do not attempt to differentiate the 
effects of the individual agents. Relatively few 
quantitative experimental studies on man are 
available. 

Many attempts have been made to quantitate 
in man the analgesic action of this group of drugs. 
However, so far the only successful study is that of 
Wolff, Hardy and Goodell (50). In general they 
found that the threshold raising effects following 
oral administration of 0.3 gram doses of acetyl- 
salicylic acid, acetanilid, acetophenetidin, and 
aminopyrine were approximately the same. The 
maximal elevation of the pain threshold was 
approximately 30 to 35 per cent which occurred 
between one to two hours and returned to normal 
within three to four hours. Acetylsalicylic acid 
was studied in considerable detail. A progressively 
greater elevation of the pain threshold Avas ob- 
served on increasing the dose from 0.03 to 0.30 
gram, but larger doses, including 1.80 gram only 
prolonged the effect. Repeated administration of 
0.3 gram at tAA’o hour intervals resulted in a sus- 
tained elevation of the pain threshold. The effect 
of induced pain on the threshold raising action of 
acetylsalicylic acid and acetanilid Avas much less 
than occurs AA-ith the opiates. The combination of 
acetylsalicylic acid by mouth with codeine phos- 
phate hypodermically produced no greater eleva- 
tion of the pain threshold than each drug sepa- 
rately. LikeAA'ise the combination of 0.3 gram 
each of acetylsalicylic acid, acetophenetidin, and 
acetanilid produced no greater maximal elevation 
of the pain threshold than was observed AV’ith the 
individual drugs, although the duration of the 
analgesia Avas prolonged. Further, the combination 
of acetylsalicylic acid or acetanilid with a barbi- 
turate resulted in no additive effect. No threshold 
raising action with 0.3 gram of quinine sulfate was 
observed. Antipj^ine, salicylic acid and cincho- 
phen were not tested. 

In relation to subjective effects Wolff, Hardy 
and Goodell (50) have reported that in pain free 
subjects amounts of acetylsalicylic acid up to 1.8 
grams produced only mild relaxation and lethargy. 


There Avas little or no effect on anxietj’’ or tension 
except that restlessness Avas reduced, and there 
was no feeling of eontentment, euphoria or apathy. 
HoAA’ever, AA'ith 0.3 gram doses of acetanilid some 
relaxation, droAVsiness and difficulty in mentation 
AA-ere noted and concentration and attention were 
slightly impaired. Although restlessness AA'as 
allayed and anxiety diminished there AA-as no 
euphoria. The psychological reactions to 0.3 gram 
of acetophenetidin Avere similar to those produced 
by acetanilid. Aminopyrine in 0.3 gram amounts 
produced no psychological effects, except very 
slight relaxation. The authors point out that the 
psychological effects of acetanilid and aceto- 
phenetidin may add to the popularit}' and thera- 
peutic effectiveness of these agents. The combina- 
tion of codeine or a barbiturate with acetyl- 
salicylic acid produced psychological effects 
characteristic of codeine or the barbiturate. There 
Avas an impression that the sedative actions of 
these cobinations AAmre additive, although their 
effects on pain threshold Avere not. From the stand- 
point of clinical analgesia, such combinations are 
probably valid since it is noAV recognized that not 
only analgesia per se but also sedation and an 
altered reactivity to pain are equally important 
components. i 

The pharmacological basis for the subjectiA'e 
feeling of Avell-being which some individuals claim 
to experience after taking these analgesic drugs is 
not clear. Often it appears to result largely from 
relief of pain, but also may be due, in part to an 
altered reaction to pain, or possibly to other drugs 
present in a particular preparation. 

The development of some degree of tolerance to 
this group of drugs is indicated by numerous 
clinical reports in AA'hich patients took progres- 
sively larger doses, usually for relief of pain. Very 
little Avas found in the literature concerning the 
mechanism of tolerance. In this connection 
acetanilid and acetophenetidin have been most 
frequently’^ mentioned. Payne (51) observed toler- 
ance to the depressant effects of acetanilid in dogs. 
P. K. Smith (52, 53), working Avith monkeys, and 
Stanton and Agricola (54), Avorking Avith rats, 
obserA’ed the development of some tolerance to 
the depressant effects of acetanilid, but Smit i 
did not observe tolerance to the analgesic action 
in monkey’s. No quantitative observations on 
development of tolerance to analgesic effects m 
man were found, although clinical data haA’O con 
so interpreted (10, 55, 56). Further studies 
are desirable, since development of sigm ican 
tolerance would favor use of progressively larger 
doses leading to manifestations of clinical toxici y. 

In relation to habituation or psychic depenu- 
ence, acetanilid and acetophenetidin 
most frequently mentioned, salicylates rare y , a 
antipyrine and aminopyrine almost entire j on 



FEDERATION PROCEEDINGS 


199 


basis of their analgesic action in persistent pain. 
Almost all of the evidence in favor of this view 
comes from clinical reports. In the majoritj’ of 
these cases the drugs were taken for pain which 
persisted or recurred after discontinuation of the 
drug. Several reports, however, have emphasized 
the observation that while acetanilid and aceto- 
phenetidin were being taken for relief of headache, 
the headache disappeared on discontinuing the 
drug (10, 55, 56). The assumption has been that 
the chronic use of the drug was producing a head- 
ache, which was temporarily' relieved by taking 
another dose of the drug. Payne (51) has described 
what he considers withdrawal symptoms after 
prolonged administration of acetanilid in 2 dogs. 
He also mentions withdrawal symptoms in a series 
of patients, but a complete report on these has not 
been identified. A few clinical reports claim 
physical withdrawal signs, but evidence of physi- 
C!)! dependence is lacking in the majority of 
reports. The basis for a drug headache is not clear. 
Sohler et al. (57) observed no dilatation of the pint 
blood vesels by acetanilid. Hanzlik (10) has sug- 
gested in connection with acetanilid that anemia, 
methemoglobinemia and sulfhemoglobineraia may 
be factors. Unpublished experimental studies on 
pain free human subjects have so far not indicated 
the development of cither psychic or physical 
dependence (5S, 59). 

Barbiturates. It is a matter of general experience 
that hypnotic doses of the barbiturates produce 
little analgesia. Large doses, of course, have some 
cffectin obtunding pain. In this connection, Wolff, 
Hardy, and Goodell (50) observed that when 
subjects were given 0.5 gram of evipal the sedative 
and hypnotic effects of the drug were evident 
within 20 minutes, and the subjects became re- 
laxed, lethargic, unsteady on their feet, and 
slightly loquacious. Mental and mechanical abili- 
ties were depressed. However, in contrast to these 
rather marked sedative effects the pain threshold 
w.ns elevated only about 20 per cent. This again 
emphasizes the fact that the analgesic action of 
the barbiturates is weak as compared to their 
sedative action. 

The ability of the barbiturates to produce a 
sense of euphoria is apparently quite variable 
depending upon both the individual and the 
circumstances. As ordinarily employed for seda- 
tion and hypnosis euphoria is a minor factor. 

In Tatum’s review of the barbiturates (13) he 
states that the repeated and continued use of these 
drugs induces a condition of habituation or 
psychic dependence but app.arently not a true 
addiction as exemplified by the use of morphine. 

On the other hand, Schmidt (60) 1ms described 
what ho considers to be withdrawal symptoms in 
II epileptic patients who had taken phcnobarbital 
for C years or more. Robinson (61) has reported a 


number of cases of chronic poisoning with barb- 
turates in which on withdrawal there was evidence 
of strong psychic dependence, but he did not 
observe evidence of physical dependence except as 
indicated by increased irritability. Recently 
ICalinowsky (44) has described generalized con- 
vulsive seizures occurring 4 or 5 days after 
withdrawal of sodium barbital in 7 mentally 
disturbed non-epileptic patients who had been 
kept under continuous sedation for a year and 
one-half or longer. No subsequent seizures were 
observed during 3 years of observation. He also 
reported that the convulsive threshold to electric 
shock therapy was lowered after withdrawal of 
barbital medication. Tatum and Seevers (62) have 
recorded the development of withdrawal seizures 
in dogs after prolonged barbital medication. 
Oettel and Krautwald (63) observed that barbital 
and phcnobarbital produced a degree of tolerance 
to the depressant effects together with a marked 
increase in reflex excitability, but this hyper- 
irritability was not increased on withdrawal. 
Tolerance and hyperirritability but not abstinence 
symptoms were developed to plianodorn and 
nostal. Weiss (64) and Robinson (61) have dis- 
cussed the problem of chronic barbiturate into.xi- 
cation and stressed the possibility of irreparable 
damage to the brain and other tissue cells. This 
would bo a condition in man more or less analogous 
to those described for the dog by Seevers and 
Tatum (62) . They reported that in chronic barbital 
intoxication covering a period of over 3 years that 
there were well marked morphological changes in 
the brains as well as changes in deportment (see 
62, 13, 61 for further discussion). They also noted 
evidence of a partial tolerance which has been 
confirmed by numerous other investigators (62) 
except Swanson, Weaver, and Chen (65) . Tolerance 
to the hypnotic and sedative action of the barbi- 
turates is sufficient according to Robinson (61) to 
require larger and larger doses which may often 
lead to evidence of clinical toxicit 3 ’. Cross- 
tolerance between alcohol and some of the barbi- 
turates has been demonstrated in the rabbit bj' 
Ahlquist and Dille (66). 

Trichlorethylene is frequently inhaled for its 
analgesic effect. Wolff, Hardj' and Goodell (SO) 
have observed that when 1 cc. of the drug was 
inhaled there was a prompt elevation of the 
cutaneous pain threshold reaching a maximum 
elevation of 40 to 45 per cent in 15 minutes which 
was sustained for 9 to 20 minutes, and remained 
above the control lov'cl for about three quarters of 
an hour. During the inhalation, the subjects 
e.xperienced sensations of “light-hcadedness” and 
impending sj'ncopc. A threshold raising effect was 
also noted on the hand as had earlier obscrtorn, 
(67). Rubinstein and co-workers (6S, 69) ’ 
the analgesic effect is due to central 
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actions since inhalation of the prescribed amount 
may produce stage I anesthesia. Giddiness, sleepi- 
ness, and even transient unconsciousness have 
been observed and occasionally lassitude, nausea, 
and palpitation. Chronic industrial poisoning with 
neuropathies have been reported (70, 71). Re- 
peated use of trichlorethylene for inebriation and 
elation has been reported (72, 73). 

Ergotamine tartrate has proved very effective in 
certain cases of migraine headache (74, 75). It has 
been demonstrated that the decline in the in- 
tensity of a headache is coincident with a decrease 
in the amplitude of pulsations of the cranial 
arteries (74). It has been supposed that this 
represents its mechanism of action. Wolff, Hardy, 
and Goodell (50) were unable to demonstrate any 
threshold raising effect of the drug. The psycho- 
logical effects of ergotamine are frequently un- 
pleasant, and tolerance apparently does not 
develop to its therapeutic effectiveness. 

Caffeine is frequently combined with analgesics 
or used alone in the treatment of certain types of 
headache. Therefore, it is desirable to know if 
caffeine has any true analgesic action. In a small 
series of experiments (50) no effect was observed 
on the cutaneous pain threshold, although the 
usual psychic effect of increased alertness, well 
being, and general effectiveness was present. 
Evidence of a vasoconstrictor action on the cranial 
arteries has been observed (75, 76, 77, 78) which 
may be a factor in relieving certain headaches in 
a manner similar to that suggested for ergotamine 
(75, 78). Caffeine has been found effective in post 
lumbar puncture headache (78) and occasionally 
effective in migraine headache (75, 78). 


Tolerance to the cerebral stimulant action of 
caffeine has not been conclusively demonstrated. 
Some measure of habituation is apparent although 
this does not necessarily involve psychi- 
dependence. 

Caffeine withdrawal headache has been pro 
duced experimentally by Dreisbach (79) who note 
an accompanjdng change in blood electrolytes 
Von Storch (78) has suggested that this type o 
headache may be a result of vasodilitation follow 
ing prolonged vasoconstriction of the crania 
arteries (but see 80). 

Considering the non-opiate analgesics in genera 
it appears that some separation of the euphoric 
analgesic, and physical dependence effects o 
drugs is possible. The clearest separation i 
evident in the analgesic-antipyretic group of drug 
in which a limited degree of analgesia is producei 
without euphoria, and thus far with practical!; 
no evidence of physical dependence. Ergotaniim 
and caffeine represent a special case in that thi 
mechanism of analgesia is largely restricted U 
certain vascular effects. The analgesic anc 
euphoric effects of the barbiturates and, to somi 
extent, trichlorethylene are secondary to thei: 
general cerebral depressant action. With alcoho 
euphoria and analgesia are more accentuated ii 
relation to cerebral depression. Dependence or 
alcohol and the barbiturates is chiefly psychic bui 
evidence is accumulating to indicate a physiologi 
cal basis for establishment of some degree o! 
physical dependence. The evidence so far indi- 
cates that of the drugs considered only dcmerol 
combines a potent analgesic action with euphoria 
and liability to physical dependence in any degree 
similar to that seen wdth the opiates. 
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IV. WITH REFERENCE TO PHYSICAL DEPENDENCE 

C. K. HIMMELSBACH 

Surgeon, Director of Research, U. S. Public Health Service Hospital, Lexington, Kentucky 


The correct answer to this question cannot be 
given with assurance until the physiologic bases 
for these pharmacologic effects are clarified. While 
almost everj’one has at some time experienced 
pharmacologic relief of pain, and perhaps also 
improvement in mood, relatively few have experi- 
enced or come to appreciate the realitj' of physical 
dependence on a drug. Since orientation is a 
necessary preliminary to discussion of physical 
dependence, it seems advisable to attempt to 
define it and present a concept of its nature before 


considering this aspect of the important question 
posed by Dr. Oberst. 

Physical dependence is an arbitrary term used 
to denote the presence of an acquired abnormal 
state wherein the regular administration of ade- 
quate amounts of a drug has, through previous 
prolonged use, become requisite to physiologic 
equilibrium. Since it is not yet possible to diagnose 
physical dependence objectively without with- 
holding drugs, the sine qua non of physical de- 
pendence remains the demonstration of a cliarac- 
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teristic abstinence syndrome. When persons have 
so received or abused a phenanthrene derivative 
of opium that physical dependence has resulted, 
after withholding the drug a definite group of signs 
and symptoms appear. Some of the phenomena 
which constitute the opiate abstinence syndrome 
are: yawning, lacrimation, rhinorrhea, perspira- 
tion, goose flesh, tremor, dilated pupils, anorexia, 
nausea, emesis, diarrhea, restlessness, insomnia, 
weight loss, dehydration, hyperglycemia, eleva- 
tion of temperature and blood pressure, and 
alteration of the pulse rate. Many of these are, or 
could be manifestations of disturbances in func- 
tion of the vegetative nervous system (1). Another 
indication for their autonomic origin lies in the 
fact that deprivation phenomena are characteris- 
tically uniform and predictable, and not influenced 
appreciably by the patient’s attitude or reaction 
to the withdrawal. These observations together 
Muth the studies of DeBodo and co-workers (2), 
Brooks et al. (3), Hambourger (4), and Herrmann 
(5) indicating that morphine probably achieves 
certain of its important effects through action in 
the region of the hypothalamus, have led to the 
formulation of a working concept of the nature of 
physical dependence (by the Lexington group)* as 
being a condition of autonomic hyperreaction to 
opiates. This concept is based on the following 
points: 

1. The prime function of autonomic (hypo- 
thalamic) centers is to maintain homeostasis and 
to make proper adjustments in the face of stress. 

2. Morphine affects homeostasis through its 
action on these centers. 

3. Autonomic reaction to this effect takes place. 
(Biological reactions generally are greater than 
necessary to overcome an effect.) 

4. With repetition the ability to offset the opiate 
effect improves. (Physiological tolerance.) 

5. An extension of this process of improved 
reaction results eventually (with larger and more 
frequent dosage) in disproportionate autonomic 
strength in checks and balances. 

6. Thus a condition is created wherein a chemi- 
cal is needed to maintain homeostasis; such 
reactive power having been developed that to 
preserve equilibrium there must be present an 
effect to counteract. 

7. Since the body is unable to supply a counter- 
effect promptly it must be furnished from without, 
else equilibrium will be lost temporarily. Such loss 
of equilibrium results in an abstinence syndrome. 
Following subsidence of this spectacular illness, 
as much as six months of total abstinence may be 
required to regain optimum steady states (6). 

If this concept be true, it is believed that it may 

iTo be presented at the A.A.A.S. Sjunposium 
of Drug Intoxication and Addiction, when held. 


be possible to separate analgesia and physical 
dependence, and perhaps also euphoria and 
physical dependence. 

The euphoria obtained from morphine is thought 
to be due to a reduction in the “alarm” reaction 
through depression of autonomic centers. Mor- 
phine euphoria probably does not occur in normal 
pain-free subjects, but dysphoria is generally 
noted. On the other hand persons in whom homeos- 
tasis is disturbed easily are often uncomfortable. 
They may escape such discomfort in several ways: 
1, by learning to lead simpler existences, thus 
reducing the frequency and intensity of disturbing 
stimuli; 2, by modifying the impact of such stimuli 
or the reaction thereto with drugs, or 3, outlets 
such as hobbies, exercises, psychosis, or other 
mechanism. An escape from discomfort is pleasant, 
and the resultant sense of well being is a form of 
euphoria. Euphoria from opiates probably results 
from reduced autonomic reaction to stimuli dis- 
turbing to homeostasis, and reduction in reception 
and/or perception of such stimuli. If these con- 
cepts of opiate euphoria and of opiate physical 
dependence be true, the two phenomena arc 
scarcely separable. However, euphoria may be 
accomplished by mechanisms other than reduction 
in autonomic reaction to discomfort. Such agents 
as benzedrine, cocaine, aliphatic narcotics and 
hypnotics, and cannabis may improve mood 
through different pharmacological actions, and 
none of these is thought to cause clinically recog- 
nized physical dependence. This may be because 
of incomplete study for a caffeine abstinence 
syndrome has been described (7). Improved mood 
may also be achieved through proper indulgence 
in, or appreciation of hobbies, exercise, art, music, 
literature and other things for which the physi- 
ologic basis is not yet entirely clear. Thus, while 
drugs capable of causing physical dependence as 
described may inevitably have a beneficial effect 
on disturbed mood, euphoria can be achieved 
without accompanying physical dependence. 

Analgesia represents relief of pain and of reac- 
tions to pain. Relief of pain entails a reduction of 
peripheral reception, neural transmission, per- 
ception of painful stimuli, or any combination. 
Peripheral reception may be reduced by loca 
anesthetics, “coal-tar” analgetic agents, an 
salicylates; neural transmission may be reduce 
in the region of the thalamus, perhaps by morphine 
or demerol; and perception may be reduced y 
aliphatic narcotics and hypnotics. 

The importance of relief of reactions to pain 
has been brought to the attention of the mcdica 
world through the wmrk of Wolff, Hardy an 
Goodell (8). This aspect of morphine action prob- 
ably entails depression of autonomic centers, 
hence may be part and parcel of the same process 
as opiate euphoria and physical depen encc. 
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However, Wolff, Hardy and GoodcII (9) have 
shown also that acetylsalicylic acid and alcohol 
may accomplish, the same therapeutic results as 
morphine. Here, while there would be some auto- 
nomic depression, the sense of well being or 
reduction of “alarm" reaction probably is the 
result of cortical depression and the physiological 
influence of this on autonomic reactions. Then too, 
it may be that pain reception and perception are 
reduced more effectively by this combination than 
by morphine, thus lessening the stimuli which set 
off the “alarm” reaction. So far as is known, 
neither acetylsalicylic acid, alcohol, nor the 
combination causes physical dependence. 

Another reason to continue to believe in the 
possibility of a separation of physical dependence 
and analgesia is that demerol seems to possess 
less phs^sical dependence liability in proportion 
to its analgetic effectiveness than does morphine 


(10). Perhaps demerol has relatively greater 
thalamic and relatively less hypothalamic effect 
than morphine (?). While this new drug represents 
but a step in the right direction, it suggests that 
future developments in the field of synthetic 
substitutes may lead to ultimate realization of 
the goal of the Drug Addiction Committee of the 
National Research Council (11) ; A drug which will 
relieve pain effectively but not cause appreciable 
physical dependence. 

In conclusion, it appears that while it is not yet 
possible to give a categorical answer to the ques- 
tion, “Can Euphoric, Analgetic, and Physical 
Dependence Effects of Drugs be Separated?'’ 
there are indications that such possibilities exist- 
The need for further work in the field of synthetic 
substitutes for morphine and for establishing the 
physiologic bases for these effects are obvious. 
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FEDERATION OF AMERICAN SOCIETIES 
FOR EXPERIMENTAL BIOLOGY 

No Federation Meeting in 1944. Executive Committee for the second time decides not to project a 
meeting because of conditions incident to the prosecution of the War. 


In a mail-vote recorded October 1, 1943 the 
Executive Committee, because of restrictions on 
civilian travel and other conditions incident to the 
full prosecution of the war, decided (9-2) not to 
project a meeting of the Federation at Cleveland 
in 1944, In a similar earlier vote (October 23, 
1942) the Committee had decided to hold the first 
post-war Federation meeting in Cleveland. While 
the present vote (not to project a Federation 
meeting in 1944) was being canvassed the Cleve- 
land Local Committee reported that circum- 
stances would make it inexpedient to attempt to 
entertain the whole Federation at one time in 
1944. 

These decisions do not, of course, preclude the 
holding of individual meetings by the constituent 


societies of the Federation in Cleveland or else- 
where. 

In connection with the foregoing decision the 
Executive Committee at the same time voted 
(10-1) to publish a third volume of the Federation 
Proceedings in 1944, patterned after the second 
volume of which this is the last issue. 

The next (March) issue of the Proceedings will 
therefore contain abstracts of current research 
reports supplied by the members in accordance 
with notices to be sent out by the secretaries of the 
constituent societies. The June and September 
issues will be available for the publication of sym- 
posium papers, as heretofore, and the last issue 
(December 1944) will carry the membership list 
and other material, as in this issue. 


EXECUTIVE COMMITTEE, 1943 

Philip Bard, Wallace 0. Fenn, The Physio- 
logical Society 

Rudolph J. Anderson, Arnold K. Balls, The 
Biochemical Society 

E. K. Marshall, Jr., Raymond N. Bieter, The 
Pharmacological Society 

Balduin LucKfi, H. P, Smith, The Pathological 
Society 

H. B. Le-wis, Arthur H. Smith, The Institute of 
Nutrition 

Jacques J. Bhonfenbrenner, Arthur F. Coca, 
The Association of Immunologists 
Philip Bard, Chairman, Johns Hopkins Medical 
School, Baltimore, Md. 

Albert G. Hogan, Ex-Chairman 
D. R. Hooker, Secretary, 19 W. Chase St., Balti- 
more, Md. 

STANDING COMMITTEES 

Defence of Biological Research: Elliott C. 
Cutler, Chairman; A. B. Luckhardt, C. I. 
Rf.ed, G. H. Whipple. 

International Congresses: H. S. Gasser, Physi- 
ology, Chairman; A. J. Carlson, Physiology; 
D. D. Van Slyke, Biochemistrj'; E. K. 
Marshall, Jr., Pharmacology; Peyton 
Rous, Pathology; L. A. Maynard, Nutrition; 
J. J. Bronfenbrf.nner, Immunology. 

Public Information: Harry Goldblatt, Chair- 
man; R. G. Hoskins, R. W. Gf.rard. 


Placement Service; H. B. Lewis, Director. 
Representatives, Council A.A.A.S.: G, Philip 
Grabfield, Charles G. King. 

Federation Proceedings, Control Committee: Philip 
Bard, Chairman; C. G. King, Morton 
McCutcheon, C. F. Schmidt, A. H. Smith. 

FORMER EXECUTIVE COMMITTEES 

Philadelphia, Dec. 28-31, 1913 

S. J. Meltzer, Chairman, and A. J. Carlson, 
Secretary, The Physiological Society. A. B. 
Macallum and P. A. Shaffer, The Biochemical 
Society. T. Sollmann and J. Auer, The Pharma- 
cological Society. 

St. Louis, Dec. 27-30, 1914 

G. Lusk, Chairman, and P. A. Shaffer, Secre- 
tary, The Biochemical Society. T. Sollmann and 
J. Auer, The Pharmacological Society. R. M. 
Pearce and G. H. Whipple, The Pathological 
Society. W. B. Cannon and A. J. Carlson, The 
Physiological Society. 

Boston, Dec. 2G-29, 1915 

Torald Sollmann, Chairman, and John Auer, 
Secretary, The Pharmacological Society. Theo- 
bald Smith and Peyton Rous, The Pathological 
Society. W. B. Cannon and C. W. Greene, The 
Physiological Society. Walter Jones and P. A, 
Shaffer, The Biochemical Societ 3 -. 
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New York, Dec. 27-30, 191G 

Simon Flexneh, Chairman, and Peyton Roes, 
Secretary, The Pathological Society. W. B. Can- 
non and C. W. Greene, The Physiological Society. 
Walter Jones and Stanley R. Benedict, The 
Biochemical Society. Reid Hunt and J. Auer, 
The Pharmacological Society. 

Minneapolis-Rochester, Dec. 27-29, 1917 

Frederic S. Lee, Chairman, and Charles W. 
Greene, Secretary, The Physiological Society. 
Carl L. Alsberg and Stanley R. Benedict, The 
Biochemical Society. Reid Hunt and L. G. 
Rowntree, The Pharmacological Society. Lud- 
vig Hektoen and Howard T. Karsner, The 
Pathological Society. 

Baltimore, April 24-2G, 1918 

Carl L. Alsberg, Chairman, and Stanley R. 
Benedict, Secretary, The Biochemical Society. 
Reid Hunt and E. D. Brown, The Pharmacologi- 
cal Society. H. Gideon Wells and Howard T. 
Karsner, The Pathological Society. Frederic 
S. Lee and Charles W. Greene, The Physiologi- 
cal Society. 

Cincinnati, Dec. 29-31, 1919 

A. S. Loevenhart, Chairman, and E. D. Brown, 
Secretary, The Pharmacological Society. W. G. 
MacCallum and Howard T. Karsner, The 
Pathological Societ 3 \ Warren P. Lombard and 
Charles W. Greene, The Physiological Society. 
Stanley R. Benedict and Victor C. Myers, 
The Biochemical Society. 

Chicago, Dec. 28-30, 1920 

William H. Park, Chairman, and Howard T. 
Karsner, Secretary, The Pathological Society. 
Warren P. Lombard and Charles W. Greene, 
The Physiological Society. Stanley R. Bene- 
dict and Victor C. Myers, The Biochemical 
Society. A. S. Loevenhart and Edgar D. 
Brown, The Pharmacological Society. 

New Haven, Dec. 28-30, 1921 


W, Edmunds and Edgar D. Brown, The Pharma- 
cological Society. Howard T. ICarsner and 
Wade H. Brown, The Pathological Society. J. J. 
R. Macleod and Charles W. Greene, The 
Physiological Society. 

St. Louis, Dec. 27-29, 1923 

C. W. Edmunds, Chairman, and Edgar D. 
Brown, Secretary, The Pharmacological Society. 
E. L. Opie and Wade H. Brown, The Pathological 
Society. A. J. Carlson and Charles W. Greene, 
The Physiological Society. Philip A. Shaffer 
and Victor C. Myers, The Biochemical Society. 

Washington, Dec. 29-31, 1924 

Aldred S. Warthin, Chairman, and E. B. 
Krumbhaar, Secretary, The Pathological Society. 
A. J. Carlson and Walter J. Meek, The Physio- 
logical Society. P. A. Shaffer and D. Wright 
Wilson, The Biochemical Society. John Auer 
and E. D. Brown, The Pharmacological Society. 

Cleveland, Dec. 28-30, 1923 

A. J. Carlson, Chairman, and Walter J. 
Meek, Secretary, The Physiological Society. H. 

C. Sherman and D. Wright Wilson, The Bio- 
chemical Society. John Auer and E. D. Brown, 
The Pharmacological Society. George H. Whip- 
ple and E. B. Krumbhaar, The Pathological 
Society. 

Rochester, N. Y., April 14-lG, 1927 

E. C. Kendall, Chairman, and F. C. Koch, 
Secretary, The Biochemical Society. John Auer 
and E. D. Brown, The Pharmacological Society. 
W. H. Brown and E. B. Krumbhaar, The Patho- 
logical Society. J. Erlanger and W. J. Meek, 
The Physiological Society. 

Ann Arbor, April 12-14, 1928 

Carl Voegtlin, Chairman, and B. D. Brown, 
Secretary, The Pharmacological Society. David 
Marine and Carl V. Weller, The Pathological 
Society. Joseph Erlanger and Walter J. Meek, 
The Physiological Society. E. V. McColluji an 

D. Wright Wilson, The Biochemical Society. 


J. J. R. Macleod, Chairman, and Charles W. 
Greene, Secretary, The Physiological Society. 
D. D. Van Slyke and Victor C. Myers, The 
Biochemical Society. C. W. Edmunds and Ed- 
gar D. Brown, The Pharmacological Society. 
F. G. Novy and Wade H. Brown, The Pathologi- 
cal Society. 


Toronto, Dec. 27-29, 1922 

D. D. Van Slyke, Chairman, and Victor C. 
Myers, Secretary, The Biochemical Society. C. 


Boston, Aug. 19-24, 1929 

{The X Tilth International 
Physiological Congress) 

Edward B. Krumbh.^ar, Chairman, and Card 
. Weller, Secretary, The Pathological Society- 
jseph Erlanger and Walter J. Meek, > 
hysiological Society. E. V. McCollum an 
''right Wilson, The Biochemical Socictj . ^ 

oegtlin and E. D. Brown, The Pharmaco ogi 
iciety. 
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Chicago, March 26-29, 1930 

Walter J. Meek, Chairman, and Alfred C. 
Redfield, Secretary, The Physiological Society. 
W. R. Bloor and Howard B. Lewis, The Bio- 
chemical Society. Carl Voeotun and E. D. 
Brown, The Pharmacological Society. Williasi 
F. Petersen and Carl V. Weller, The Patho- 
logical Society. 

Montreal, April 8-11, 1931 

W. R. Bloor, Chairman, and H. B. Lewis, 
Secretary, The Biochemical Society. George B. 
Wallace and E. D. Brown, The Pharmacological 
Society. Frederick L. Gates and C. Phillip 
Miller, The Pathological Society. Walter J. 
Meek and Arno B. Luckhardt, The Physiological 
Society. 

Philadelphia, April 27-30, 1932 

George B. Wallace, Chairman, and V. E. 
Henderson, Secretary, The Pharmacological So- 
ciety. Samuel R. Hatthorn and C. Phillip 
Miller, The Pathological Society. Walter J. 
Meek and Arno B. Luckhardt, The Physiological 
Society. H. C. Bradley and Howard B. Lewis, 
The Biochemical Society. 

Cincinnati, April 10-12, 1933 

Peyton Rous, Chairmah., and C. Phillip Mil- 
ler, Secretary, The Pathological Society. Arno 

B. Luckhardt and Frank C. Mann, The Physio- 
logical Society. H. C. Bradley and Howard B. 
Lewis, The Biochemical Society. Wm. deB. 
MacNidbr and V. E. Henderson, The Pharmaco- 
logical Society. 

New York, March 28-31, 1934 

Arno B. Luckhardt, Chairman, Frank C. 
Mann, Secretary, and Alexander Forbes, Treas- 
urer, The Physiological Society. W. M. Clark 
and H. A. Mattill, The Biochemical Society. 
W. deB. MacNidbr and V. E. Henderson, The 
Pharmacological Society. Carl V. Weller and 

C. Phillip Miller, The Pathological Society. 

Detroit, April 10-13, 1935 

W. M. Clark, Chairman, H. A. Mattill, Secre- 
tary, and C. H. Fiskb, Treasurer, the Biochemical 
Society. Charles W. Greene and Frank C. 
Mann, The Physiological Society. R. -A. Hat- 
cher and E. hi. K. Geiling, The Pharmacological 
Society. S. Burt Wolbacii and Shields War- 
ren, The Pathological Society. 

Washington, March 25-28, 193G 

V. E. Henderson, Chairman, E. M. K. Ceil- 
ing, Secretary, and C. M. Gruber, Treasurer, The 
PEirmacological Society. Frank C. Mann and 


Andrew C. Ivy, The Physiological Society. ■ H. 
B. Lewis and H. A. Mattill, The Biochemical 
Society. Oskar Klotz and Shields Warren, 
The Pathological Society. 

Memphis, April 21-24, 1937 

Alphonse R. Dochez, Chairman, and Shields 
Warren, The Pathological Society. Frank C. 
Mann and Andrew C. Ivy, The Physiological 
Society. Howard B. Lewis and H. A. Mattill, 
The Biochemical Society. V. E. Henderson and 
E. M. K. Geiling, The Pharmacological Society. 

D. R. Hooker, Secretary. 

Baltimore, March 30-April 2, 1938 

William T. Porter, Honorary President', 
Walter E. Garrey, Chairman, and Andrew C. 
Ivy, The Physiological Society. Glenn E. Cul- 
len and H. A. Mattill, The Biochemical Society. 
Arthur L. Tatum and G. Philip Grabfield, The 
Pharmacological Society. C. Phillip Miller and 
Paul R. Cannon, The Pathological Society. D. 
R. Hooker, Secretary. ‘ 

Toronto, April 26-29, 1939 

Glenn E. Cullen, Chairman, and Charles G. 
King, The Biochemical Society. Arthur L. 
Tatum and G. Philip Grabfield, The Pharmaco- 
logical Society. C. Phillip Miller and Paul R. 
Cannon, The Pathological Society. Walter E. 
Garrey and Andrew C. Ivy, The Physiological 
Society. D. R. Hooker, Secretary. 

New Orleans, March 13-16, 1940 

E, M. K. Geiling, Chairman, and G. Philip 
Grabfield, The Pharmacological Society. Er- 
nest W. Goodpasture and Paul R. Cannon, The 
Pathological Society. Andrew C. Ivy and 
Philip Bard, The Physiological Society. Wil- 
LiAJi C. Rose and Charles G. King, The Bio- 
chemical Society. D. R. Hooker, Secretary. 

Chicago, April 15-19, 1941 

Shields Warren, Chairman, and H. P. S.mith, 
The Pathological Society. Thorne M. Carpen- 
ter and L. A. Maynard, The Institute of Nutri- 
tion. Andrew C. Ivy and Philip Bard, The 
Physiological Society. William C. Rose and 
Charles G. King, The Biochemical Society. 

E. M. K. Geiling and G. Philip Grabfield, The 
Pharmacological Society. D. R. Hooker, Sec- 
retary. 

Boston, March 31, April 1, 2, 3, 4, 1942 
Albert G. Hogan, Chairman, and .Arthur H. 
Smith, The Institute of Nutrition. Philip Bard 
and Carl J. Wiggers, The Physiological Society. 
Rudolph J. A.vdbrson and Arnold K. B.ylls, 
The Biochemical Society. E. M. K. Geiling and 
R. N. Bieter, The Pharmacological Society. 
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Jesse L. Bollman and H. P. Smith, The Patho- 
logical Society. Shields Warren, Ex-Chairman. 
D. R. Hooker, Secretary. 

1943: The meeting scheduled for Cleveland, April 
6-10, was cancelled because of 
war conditions 

Philip Bard, Chairman, and Wallace 0. Fenn, 
The Physiological Society. Rudolph J. Anderson 


and Arnold K. Balls, The Biochemical Society. 
E. K. Marshall, Jr. and Raymond N. Bieter, 
The Pharmacological Society. Balduin LucKfi and 
H. P. Smith, The Pathological Society. Leonard 
A. Maynard and Arthur H. Smith, The Institute 
of Nutrition. Jacques J. Bronpenbrenner and 
Arthur F. Coca, The Association of Immunol- 
ogists. 


BY-LAWS 


BY-LAWS 

Adopted at the Washington Meeting, 1936 and 
amended at the Boston Meeting, 19^2 

1. The Presidents and Secretaries of the Con- 
stituent Societies, the Chairman of the E.xecutive 
Committee of the preceding year and the Federa- 
tion Secretary shall form the E.xecutive Committee 
of the Federation. 

2. The Chairmanship of the E.xecutive Commit- 
tee shall be held in turn by the Presidents of the 
Constituent Societies, who shall succeed one 
another annually in the order of seniority of the 
Societies. 

3. The Executive Committee shall appoint 
annually from the membership of the Federation 
a secretary -treasurer, to be known as the Federa- 
tion Secretary. 

4. The Federation Secretary shall; (a) Keep the 
minutes of the E.xecutive Committee and dis- 
tribute copies to the Secretaries of the Constituent 
Societies, (b) Make arrangements for the Annual 
Meeting with the Local Committee, with the 

/ approval of the Executive Committee, (c) Print 
in convenient combined form and distribute to the 
membership of the Federation the programs of the 
Constituent Societies as received from their re- 
spective Secretaries, (d) Undertake such other 
duties, to be decided upon from time to time b}"^ 
the Executive Committee, as do not conflict 
■ with the complete autonomy of the Constituent 
Societies. 

5. The Executive Committee shall control, all 
monies in the hands of the Federation Secretary, 
who shall make an annual report to the Executive 
Committee for audit and approval. The expenses 
of the Federation Secretary, as authorized by the 
Executive Committee, shall be the first charge on 
such monies and if insufficient for the purpose the 
Executive Committee shall prorate such e.xpenses 
to the Constituent Societies of the Federation in 
proportion to their respective memberships. 

The Executive Committee may appropriate 
Federation monies annually for the uses of Local 
Committees and for the uses of other authorized 
Committees but in the latter cases an audit of 
expenditures shall be made and approved before 
such committees are discharged. 


6. The E.xecutive Committee shall determine the 
place of the AnnUal Meeting, and the time shall 
be determined by the Local Committee, preferably 
within the period of March fifteenth to May first. 

7. The local Committee at the place of meeting 
of the Federation shall charge such fee for registra- 
tion as may be approved by the Executive Com- 
mittee. The monies thus collected shall be used 
to defray the expenses of the Local Committee 
and the remainder, after such e.xpenses have been 
met, shall be turned over to the Federation Sec- 
retary. 

8. The E.xecutive Committee shall consider 
measures of advantage to the Federation as a 
whole. Any Constituent Society may refer simi- 
lar measures to the E.xecutive Committee. No 
action, however, shall be taken by the Executive 
Committee unless specifically authorized by all 
the Constituent Societfes. 

9. The Chairman of the Executive Committee 
may appoint committees when the purposes of 
such committees have been approved by all the 
Constituent Societies of the Federation. Such 
committees shall be appointed for a term of one 
year, but may be continued and their members 
reappointed. Such committees shall report in 
writing to the Executive Committee, which shall 
in turn report thereon to the Constituent Societies 
either for information or recommendation. The 
Secretaries of the Constituent Societies shall 
report the recommendations of their respective 
Societies to the E.xecutive Committee for final 
action. 

10. All individuals whose names appear on the 
program by invitation or introduction and those 
registering from any recognized biological labora- 
torj’’ may be enrolled as Associate Members of the 
Federation for that Annual Meeting. Such Asso- 
ciate Members may enjoy all the privileges of the 
Annual Meeting except that of voting. 

11. No person may present orally more than one 
paper during all of the scientific sessions of t ic 
Constituent Societies at the time of the Annua 
Meeting except upon invitation of the E.xccutuc 
Committee or a Council . Papers must be submi ttca 
to the Secretary of the Society of which the pro- 
poser is a member. The proposer may 
transfer to another program, but this may on 
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be done with the consent of the Secretary of the 
Society concerned. Any Secretary who regards any 
paper submitted to him as better suited to the 
program of another Society may arrange this 
transfer with the Secretary of the Society con- 
cerned, if it be possible. Such transfer shall be 
indicated on the program. 

12. Abstracts not to e.vceed two hundred and 
fifty words in length, of papers approved for 
presentation at all of the scientific sessions of all 
the Constituent Societies at the Annual Meeting, 
shall receive publication in the Federation Pro- 
ceedings. 

13. A Control Committee, consisting of at least 
one representative of each Constituent Society as 
designated by the several Councils, shall have 
editorial control over the Federation Proceedings 
which shall be financed as required by an annual 
assessment of all the members of each Constituent 
Society. 

14. The Control Committee shall have power to 
choose certain additional papers presented at 
the Annual Meetings and from other sources, in- 


cluding material heretofore published in the 
Federation Yearbook, for publication in the 
Federation Proceedings. 

PLACEMENT SERVICE 

The Federation maintains a service to act as a 
medium of communication between persons seek- 
ing positions for teaching or research and institu- 
tions that wish to fill vacancies in these sciences. 

The service does not undertake to recommend 
or to pass judgment upon applicants. It aims 
merely to serve as a clearing-house for such infor- 
mation as above stated and to bring into touch 
with one another candidates for positions and va- 
cancies to be filled. 

Persons, whether members of the Federation or 
not, and institutions desiring to avail themselves 
of the service, may receive such information as is 
available without cost to the applicant. 

All communications should be addressed to Dr. 
H. B. Lewis, Director, University of Michigan, 
Ann Arbor, Mich. 


THE AMERICAN PHYSIOLOGICAL SOCIETY 

Founded December SO, 1887; Incorporated June 2, 1928 


OFFICERS ELECTED 1942 

President — Philip Bard, Johns Hopkins School 
of Medicine, Baltimore, Md. 

Secretary— VfAhhA.es: 0. Fenn, University of 
Rochester School of Medicine and Dentistry, 
Rochester, N. Y. 

Treasurer— Hallow'ell Davis, Harvard Uni- 
versity School of Medicine, Boston, Mass. 

Council— Philip Bard, Wallace O. Fenn, Hal- 
Low’BLL Da\us, Ch-arles H. Best, University of 
Toronto, Canada, Maurice B. Visscheb, Uni- 
versity of Minnesota, Minneapolis, Hiram E. 
Essex, Mayo Foundation, Rochester, Minn., W. 
F. Hamilton, University of Georgia, Augusta. 

Board of Publication Trustees — ^Walter J. 
Meek, Henry C. Bazett, Andrew C. Ivy. 

PAST OFFICERS 

Organization Meeting, December 30, 1887 

S. Weir Mitchell, President 
H. N. FIartin, Secretary 

1888 H. P. Bowditch, President; H. N. Martin, 
Secretary -Treasurer; J. G. Curtis, H. C. Wood, 
H.Sewall, Councilors. 1889 S. Weir Mitchell, 
, President; H. N. Martin, Secretary -Treasurer; 
* H. P. BowDiTcn, J. G. Curtis, H. C. Woods, 
I Councilors. 1890 S. Weir Mitchell, President; 
I IL N. Martin, Secretary-Treasurer; H. P. Bow- 


ditch, J. G. Curtis, H. H. Donaldson, Counci- 
lors. 1891 H. P. Bowditch, President; H. N. 
Martin, Secretary-Treasurer; R. H. Chittenden, 
J. G. Curtis, H. H. Donaldson, Councilors. 
1892 H. P. Bowditch, President; H. N, Martin, 
Secretary-Treasurer; R. H. Chittenden, J. G. 
Curtis, W. H. How'ell, Councilors. 1893 H. P. 
Bowditch, President; W. P. Lombard, Secretary- 
Treasurer; R. H. Chittenden, J. G. Curtis, W. 
H. Howell, Councilors. 1894 H. P. Bowditch, 
President; W. P. Lombard, Secretary-Treasurer; 
R. H. Chittenden, W. H. How'ell, J. W. War- 
ren, Councilors. 1895 H. P. Bowditch, Presi- 
dent; F. S. Lee, Secretary -Treasurer; R. H. 
Chittenden, W. H. How'ell, W. P. Lombard, 
Councilors. 1896 R. H. Chittenden, President; 
F. S. Lee, Secretary -Treasurer; H. P. Bowditch, 
W. H, Howell, J. W. Warren, Councilors. 1897 
R. H. CraTTENDEN, President; F. S. Lee, Secre- 
tary-Treasurer; H. P. Bowditch, W. H. Howell, 
W. P. Lombard, Councilors. 1898 R. H. Chit- 
tenden, President; F. S. Lee, Secretary- 
Treasurer; H. P. Bowditch, W. H. Howell, W. 
P. Lombard, Councilors. 1899 R. H. Chitten- 
den, President; F. S. Lee, Secretary-Treasurer; 
W. H. Howell, W. P. Lombard, W. T. Porter, 
Councilors. 1900 R. H. Chittenden, President; 
F. S. Lee, Secretary-Treasurer; W. H. Howell, 
W. P, Lombard, AV. T. Porter, Councilors. 1901 



210 


FEDERATION PROCEEDINGS 


R. H. Chittenden, President; F. S. Lee, Secre- A. E. Eysteb, Y. Henderson, C. J. Wiggers, A. 
tary -Treasurer; W. H. Howell, W. P. Lombard, J. Carlson, Councilors. 1922 J. J. R. MacLeod^ 
W. T. Porter, Councilors. 1902 R. H. Chitten- President; C. W. Greene, Secretary; J. Er- 
DEN, President; F. S. Lee, Secre tary -Treasurer; langer, Treasurer; Y. Henderson, C. J. Wig- 
W. H. Howell, W. P. Lombard, W. T. Porter, gers, A. J. Carlson, J. A. E. Eyster, Councilors. 
Councilors. 1903 R. H. Chittenden, President; 1923 A. J. Carlson, President; C. W. Greene, 

F, S. Lee, Secretary -Treasurer; W. H. Howell, Secretary; J. Erlanger, Treasurer; C. J. Wig- 
W. P. Lombard, W. T. Porter, Councilors. 1904 gers, A. B. Luckhardt, J. A. E. Eyster, J. R, 

R. H. Chittenden, President; W. T. Porter, -Mhrlin, Councilors. 1924 A. J. Carlson, Presi- 
Secretary-Treasurer; F. S. Lee, W. P. Lombard, dent; W. J. Meek, Secretary; C. K. Drinker, 

W. H. Howell, Councilors. 1905 W.H. Howell, Treasurer; A. B. Luckhardt, J. A. E. Eyster, 
President; L. B. Mendel, Secretary; W. B. Can- J. R. Murlin, W. E. Garrey, Councilors. 1925 
NON, Treasurer; R. H. Chittenden, S. J. Melt- A. J. Carlson, President; W. J. Meek, Secretary; 
ZBR, Councilors. 1906 W. H. Howell, President; C. K. Drinker, Treasurer; J. A. E. Eyster, J. R. 

L. B. Mendel, Secretary; W. B. Cannon, Treas- Murlin, W. E. Garrey, Joseph Erlanger, 
urer; A. B. Macallum, S. J. Meltzer, Councilors. Councilors. 1926 J. Erlanger, President; W. J. 
1907 W. H. Howell, President; L. B. Mendel, Meek, Seeretary; A. Forbes, Treasurer; J. R. 
Secretary; W. B. Cannon, Treasurer; J. J. Abel, Murlin, W. E. Garrey, A. B. Luckhardt, C. J. 

G. Lusk, Councilors. 1908 W. H. Howell, Wiggers, Councilors. 1927 J. Erlanger, Presi- 
President; R. Hunt, Secretary; W. B. Cannon, dent; W. J. Meek, Secretary; A. Forbes, Treas- 
Treasurer; J. J. Abel, G. Lusk, Councilors. 1909 urer; W. E. Garrey, A. B. Luckhardt, C. J. 

W. H. Howell, President; R. Hunt, Secretary; Wiggers, R. Gesell, Councilors. 1928 J. Er- 
W. B. Cannon, Treasurer; A. J. Carlson, W. P. langer. President; W. J. Meek, Secretary; A. 
Lombard, Councilors. 1910 W. H. Howell, Forbes, Treasurer; A. B. Luckhardt, C. J. 
President; A. J. Carlson, Secretary; W. B. Wiggers, R. Gesell, A. J. Carlson, Councilors. 
Cannon, Treasurer; J. Erlanger, F. S. Lee, 1929 W. J. Meek, President; Alfred C. Red- 
Councilors. 1911 S. J. Meltzer, President; A. field. Secretary; A. Forbes, Treasurer; C. J. 

J. Carlson, Secretary; W. B. Cannon, Treasurer; Wiggers, R. Gesell, A. J. Carlson, J. R. Mur- 

J. Erlanger, F. S. Lee, Councilors. 1912 S. J. lin. Councilors. 1930 W. J. Meek, President; | 
Meltzer, President; A. J. C.'IRLson, Secretary; Arno B. Luckhardt, Secretary; A. Forbes, | 
W. B. Cannon, Treasurer; J. Erlanger, F. S. Treasurer; R. Gesell, A. J. Carlson, J. R. Mur- | 
Lee, Councilors. 1913 S. J. Meltzer, President; lin, E. G. Martin, Councilors. 1931 W.J. Meek, 

A. J. Carlson, Secretary; J. Erlanger, Treas- President; Arno B. Luckhardt,' Secretary; 
urer; W. B. Cannon, F. S. Lee, Councilors. 1914 Alexander Forbes, Treasurer; A. J. Carlson, j 
W. B. Cannon, President; A. J. Carlson, Secre- J. R. Murlin, E. G. Martin, John Tait, Coun- 1 
tary; J. Erlanger, Treasurer; F. S. Lee, S. J. cilors. 1932 Arno B. Luckhardt, President; 
Meltzer, Councilors. 1915 W. B. Cannon, Frank C. Mann, Secretary; Alexander Forbes, 

President; C. W. Greene, Secretary; J. Er- Treasurer; E. G. Martin, W. J. Meek, J. P- 
LANGER, Treasurer; W. E. Garrey, W. H. Murlin, John Tait, Councilors. 1933 Arno B. 
Howell, J. J. R. Macleod, W. J. Meek, Coun- Luckhardt, President; Frank C. Mann, Secre- 
cilors. 1916 W. B. Cannon, President; C. W. tary; Alexander Forbes, Treasurer; Herbert 
Greene, Secretary^; J. Erlanger, Treasurer; W. S, Gasser, Ernest G. 'Martin, W. J. Meek, 

E. Garrey, W. H. Howell, J. J. R, Macleod, John Tait, Councilors. 1934 Charles ' • 

W. J. Meek, Councilors. 1917 F. S. Lee, Presi- Greene, President; Frank C. Mann, Secretary, 
dent; C. W. Greene, Secretary; J. Erlanger, Alexander Forbes, Treasurer; Herbert 
Treasurer; W. B. Cannon, W. H. Howell, J. J. Gasser, Arno B. Luckhardt, W. J- Meek, 

R. Macleod, W. J. Meek, Councilors. 1918 F. S. John Tait, Councilors. 1935 Frank C. ^ ann, 

Lee, President; C. W. Greene, Secretary; J. President; Andrew C.I'VY, Secretary; Alexander 

Erlanger, Treasurer; W. B. Cannon, W. H. Forbes, Treasurer; Charles H. Best, IlEnnEii 
Howell, J. J. R. Macleod, W. J. Meek, Coun- S. Gasser, Arno B. Luckhardt, \ 

cilors. 1919 W. P. Lombard, President; C. W. Councilors. 1936 Frank C. Mann, 

Greene, Secretary; J. Erlanger, Treasurer; Andrew C. Ivy, Secretary; Wallace 0. eN‘^> 

W. B. Cannon, Y. Henderson, J. J. R. Macleod, Treasurer; Charles H. Best, Philip 

W. J. Meek, Councilors. 1920 W. P. Lombard, Herbert S. Gasser, Arno B. Luckhardt, 

President; C. W. Greene, Secretary; J. Er- cilors. 1937 Walter E. Garrey, 

LANGER, Treasurer; W. B. Cannon, J. J. R. drew C. Ivy, jbard! 

Macleod, Y. Henderson, C. J. Wiggers, Coun- Treasurer; Charles H. Best, 1 1 
cilors. 1921 J. J. R. Macleod, President; C. W. Herbert S. Gasser, Arito B. Luckha ’ 

Greene, Secretary; J. Erlanger, Treasurer; J. cilors. 1938 William T. Port , 
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President; Wamer E. Garrey, President; An- 
DREvr C. I\'y, Secretary; Wallace 0. Fenn, 
Treasurer; Arno B. Leckhardt, Charles H. 
Best, Philip Bard, Herbert S. Gasser, Coun- 
cilors. 1939 Andrew C. Ivy, President; Philip 
Bard, Secretary; IVallacb 0. Fenn, Treasurer; 
Charles H. Best, Herbert S. Gasser, Arno B. 
Lhckhardt, MahrIce B, Vissciier, Councilors. 
1940 Andrew C. Ivy, President; Philip Bard, 
Secretary; Carl J. Wiggers, Treasurer; Charles 
H. Best, Herbert S. Gasser, Arno B. Leck- 
HARDT, Maurice B. Vissciier, Councilors. 1941 
Philip Bard, President; Carl J. Wiggers, 
Secretary; Hallowell Davis, Treasurer; 
Charles H. Best, Arno B. Luckhardt, Maurice 
B. VisscHER, Hiram E. Essex, Councilors. 1942 
Philip Bard, President; Wallace 0. Fenn, Sec- 
retary; H.illowell Davis, Treasurer; Charles 
H. Best, Maurice B. Visscher, Hiram E. Essex, 
W, F. Hamilton, Councillors. 

CONSTITUTION 

I 

1. This Society shall be named “The American 
Physiological Society.” 

2. The Society is instituted to promote the 
advance of Physiology and to facilitate personal 
intercourse between American Physiologists. 

II 

1. The Society shall consist of ordinarj' and of 
honorary members. 

2. Any person who has conducted and published 
original researches in Physiology, and who is a 
resident of North America, shall be eligible for 
election as an ordinary member of the Society. 

3. Distinguished men of science who have con- 
tributed to the advance of Physiology shall be 
eligible for election as honorary members of the 
Society. Honorary members shall pay no member- 
ship fee. They shall have the right of attending 
the meetings of the Society, and of taking part 
in its scientific discussions, but they shall have 
no vote. 

III 

1. The management of the Society shall be vested 
in a Council consisting of the President, Secretary, 
Treasurer, and four other members to be chosen 
from the ordinary members by ballot at each 
annual meeting. The President, Secretary, and 
Treasurer shall be elected for one yc.ar. The Presi- 
dent shall be subject to only one reelection. 
The four additional members of the Council shall 
be elected for a term of four years, and the term 
of office of one of these councilors shall expire at 
the close of each annual meeting. He or she shall 
not be eligible for reelcctiou for a period of two 
years. 


2. The Council shall have power to fill such va- 
cancies as may occur in its membership or in any 
committee of the Society unless the vacancy is 
produced bj' a resignation presented at a meeting. 

IV 

1. At least a fortnight before the annual meeting' 
the Secretary shall send to each member a notice 
of the place and time of each meeting, and shall 
make such other announcements as the Council 
shall direct. 

2. The annual assessment shall be determined 
by the Council, and shall be due in advance at 
the time of the annual meeting. Beyond the 
ordinary expenditures required by the duties of 
the Secretarj”^ and Treasurer, no money of the 
Society shall be disbursed save by authority of 
the Council. 

3. Any member wliose assessment is two years 
in arrears shall cease to be a member of the Society, 
unless at the next annual meeting he shall be re- 
instated by special vote of the Society; and it shall 
be the duty of the Treasurer to inform the Secre- 
tary that he may notify the said delinquent of his 
right to appeal to said meeting. 

4. Any member who has paid the annual assess- 
ment for thirty years, or who has attained the age 
of sixty-five years, or who has retired because of 
illness, may be relieved from the payment of the 
annual assessment. 

V 

1. The annual meeting of the Society shall be 
held at a time and place determined by the Council 
in consultation with the Executive Committee of 
the Federation of American Societies for Experi- 
mental Biology. 

2. Special meetings may be held at such times 
and places as the Council may determine. 

VI 

1. Proposed changes in the Constitution must be 
sent in writing to the Secretary at least one month 
before the date of the meeting at which they are 
to be considered, and must be signed by at least 
three ordinary members. The Secretary shall send 
a printed copy of any proposed change to each 
ordinary member at least two weeks before the 
next meeting. 

2. If at this meeting two-thirds of the %'otes cast 
shall favor the proposed change, it shall be made. 

3. At all annual meetings of the Society ten or- 
dinary members shall form a quorum for the trans- 
action of business. 

VII 

1, The Council may, from the names of the candi- 
dates proposed in writing by at least two ordinary 
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members of the Society, nominate candidates 
for election to ordinary membership. The names 
of the candidates so nominated, together with 
the names of their proposers and a statement of 
their qualifications for membership, shall be 
posted on a bulletin board at an annual meeting 
of the Society. The candidates may be balloted 
for at any session of the same meeting, and one 
black ball in eight shall exclude. 

2. Honorary members shall be proposed by the 
Council, and shall be elected by ballot of the 
members present at an annual meeting and one 
negative vote in twenty shall exclude. 

VIII 

If a majority of the Council shall decide that 
the interests of the Society require the expulsion 
of a member, the Secretary shall send a notice 
of this decision to each ordinary member at feast 
two weeks before the next annual meeting. At 
this meeting the Secretary shall, on behalf of the 
Council, propose the expulsion; and if two-thirds 
of the members present vote for it, the member 
shall be expelled, his assessment for the current 
year shall be returned to him, and he shall cease 
to be a member of the Society. 

IX 

1. The official organs of the Society shall be the 
American Journal of Physiology and such other 
Journals as the Society shall from time to time 
establish. These the Society shall own and manage. 

2. The management of the Journals shall be 


vested in the Council. The Council shall make 
a full report to the Society at each annual meeting 
of the financial condition and the publication 
policy of the Journals. 

BY-LAWS 

1. All papers read before the Society shall be 
limited to a length of ten minutes. No person may 
orally present more than one paper. In case of 
joint authorship the name of the individual who 
will orally present the paper shall stand first. 

2. Abstracts in duplicate, not to exceed two- 
hundred and fifty words in length, of all papers 
to be presented at the Annual Meeting of the 
Society shall be required by the Secretary for 
publication in the Federation Proceedings, in ac- 
cordance with rules approved by the Council. 

3. The Council may, upon the request of ten 
ordinary members, call a special meeting of the 
Society, at any time and place, for the reading of 
papers and the promotion of personal intercourse. 
Such meetings shall be held in accordance with the 
Constitution and By-Law’s of the Society; and if j 
the regular officers of the Society are not present, | 
the members in attendance shall elect a temporary 
Chairman and Secretary. The latter officer shall 
forward an account of the scientific proceedings 

of the meeting to the offical Secretary of the So- , 
ciety for insertion in the minutes; he shall also | 
prepare and transmit to the official Secretary ■ | 
such abstracts of papers read as may be furnished ^ 
him, and these abstracts shall be published in 
the Federation Proceedings in accordance with 
By-Law' 2. 
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OFFICERS ELECTED 1943 

President — E. A. Doisy, St. Louis University 
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Vice-President — A. B. Hastings, Harvard 
Medical School, Boston, Mass. 

Secretary — A. K. Balls, U. S. Bureau of Agri- 
cultural and Industrial Chemistry, Western 
Regional Research Laboratory, Albany'- G, Cali- 
fornia. 

Treasurer — W. C. St.adie, Maloney Clinic, 
University of Pennsylvania, Philadelphia, Pa. 

Councilors-at-large — W. C. Rose, University' of 
Illinois, Urbana, 111.; H. T. Clarke, Columbia 
University, Ne-n' York City; R. J. Anderson, 
Sterling Laboratory, Yale University, New' 
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Chairman, G. 0. Burr, H. B. Lewis, H. B. Vick- 


ery, W. M. Clark, C. L. A. Schmidt, W. R- 
Bloor, H. a. Mattill, C. F. Cori. 


PAST OFFICERS 

1907 Russell H. Chittenden, President; J. L 
Abel, Vice-President; W. J. Gies, Secretary, >• 
B. Mendel, Treasurer; W. Jones, W. Koch, • 
Marshall, T. B. Osborne, Councilors. IDOS 
John J. Abel, President; Otto Folin, \ice 
President; Wm. J. Gies, Secretary; L. B. MendiJ, 
Treasurer; A. B. Macallum, A. P. Mathews, • 
G. Novy, Councilors. 1909 Otto Folin, 1 resi- 
dent; T. B. Osborne, Vice-President; Vm- - • 
Gies, Secretary; L. B. Mendel, Treasurer, • 
A.BEL, P. A. Levene, G. Lusk, Councilors. 1 
Thomas B. Osborne, President; L. B. ^ 
Ficc-President; A. N. Richards, cere . i 
Walter Jones, Treasurer; A. B. Macallu.\ , ^ 
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P. Mathews, V. C. VAtranAN, Councilors. 19H 
Lafavette B. Mendel, President; A. B. Macal- 
LUit, V'’ice-Fresident; A. N. Richaiids, Secretar 3 '; 
Walter Jones, Treasurer; Wm. J. Gies, A. S. 
Lobvenhart, P. a. Shaffer, Councilors. 1912 
Archibald B. Macallum, President; G. Lusk, 
Vice-President; A. N. Richards, Secretary; 
Walter Jones, Treasurer; H. P. Ahmsby, L, B. 
Mendel, H. G. Wells, Councilors. 1913 Archi- 
bald B. Macallit.w, President; G. Lhsk, Vice- 
President; P. A. Sh.affbb, Secretary; D. D. Van 
Sltke, Treasurer; H. P. Armsby, L. B. Mendel, 
H. G. Wells, Councilors. 1914 Graham Lusk, 
President; C. L. Alsberg, Vice-President; P, A. 
Shaffer, Secretary; D. D. Van Slyke, Treasurer; 
J. J. Abel, A. B. Macallum, T. B. Osborne, 
Councilors. 1915 Walter Jones, President; C. 
L. Alsberg, Vice-President; P. A. Shaffer, 
Secretary; D. D. Van Slyke, Treasurer; Otto 
Folin, G. Lusk, L. B. Mendel, Councilors. 1916 
Walter Jones, President;. P. P. Underhill, 
Vice-President; S. R. Benedict, Secretary; D. D. 
Van Slyke, Treasurer; Otto Folin, A. B. Macal- 
lum, P. A. Shaffer, Councilors. 1917 Carl L. 
Alsberg, President; A. P. Mathews, Vice- 
President; S. R. Benedict, Secretary; H. C. 
Bradley, Treasurer; L. J. Henderson, P. A. 
Shaffer, F. P. Underhill, Councilors. 1918 
Carl L. Alsberg, President; A. P. Mathews, 
Vice-President; S. R. Benedict, Secretary; H. C. 
Bradley, Treasurer; W. J. Gies, Andrew 
Hunter, E. V. McCollum, Councilors. 1919 
Stanley, R. Benedict, President; D. D. Van 
Slyke, Vice-President; V. C. Myers, Secretary; 
H. C. Bradley, Treasurer; Andrew Hunter, E. 
V, McCollum, L. B. Mendel, Councilors. 1920 
Stanley R. Benedict, President; D. D. Van 
Slyke, Vice-President; V. C. IMyebs, Secretary; 
H. C. Bradley, Treasurer; Otto Folin, Walter 
Jones, L. B. Mendel, Councilors. 1921 Donald 
D. Van Slyke, President; P. A. Shaffer, Vice- 
President; V. C. Myers, Secretary; H. C. Brad- 
ley, Treasurer; S. R. Benedict, Otto Folin, 
Walter Jones, Councilors. 1922 Donald D. 
Van Slyke, President; P. A. Shaffer, Vice- 
President; V. C. Myers, Secretary; W. R. Bloob, 
Treasurer; S. R. Benedict, H. C. Bradley, A. P. 
Mathews, Councilors. 1923 Philip A. Shaffer, 
President; H. C. Sherman, Vice-President; V. C. 
Myers, Secretary; W. R. Bloor, Treasurer; H. 
C. Bradley, Andrew Hunter, A. P. JIatiibws, 
Councilors. 1924 Philip A. Shaffer, President; 
Henry C. Sherman, Vice-President; D. Wright 
Wilson, Secretary; Walter R. Bloor, Tre.asurer; 
Otto Folin, Andrew Hunter, Victor C. Myers, 
Councilors. 1925 Henuy C. Sherman, President; 
Edw.ard C. Kendall, Vice-President; D. Wright 
Wilson, Socrctarj-; W’alter R. Bloor, Treasurer; 
Otto Folin, Laf.ayette B. Mendel, Philip A. 


Shaffer, Councilors, 1926 Edward C. Kendall, 
President; Elmer V. McCollum, Vice-President; 
Fred C. Koch, Secretary; Glenn E. Cullen, 
Treasurer; J. B. Collip, Edward A. Doisr, 
Albert P. Mathews, Councilors. 1927 E. V. 
McCollum, President; W, R, Bloor, Vice-Presi- 
dent; D. Wright Wilson, Secretary; G. E. Cul- 
len, Treasurer; E. A. Doisy, F. G. Koch, D. D. 
Van Slyke, Councilors. 1928 E. V. McCollum, 
President; W. R. Bloob, Vice-President; D. 
Wright Wilson, Secretary; G. E. Cullen, 
Treasurer; Wji. M. Clark, F. C. Koch, D. D. 
Van Slyke, Councilors. 1929 W. R. Bloor, 
President; H. C. Bradley, Vice-President; H. B. 
Lewis, Secretary; G. E, Cullen, Treasurer; W. 
M. Clark, C. L. A. Schmidt, P. A. Shaffer, 
Councilors. 1930 W. R. Bloob, President; H. C. 
Bradley', Vice-President; H. B. Lewis, Secretary; 

G. E. Cullen, Treasurer; W. M. Clark, P. A. 
Shaffer, D. W. Wilson, Councilors. 1931 H. C. 
Bradley, President; W. M. Clark, Vice-Presi- 
dent; H. B. Lewis, Secretary; C. H. Fiske, 
Treasurer; W. C. Rose, P. A. Shaffer, D. W. 
Wilson, Councilors. 1932 H. C. Bradley, Presi- 
dent; W. M. Clark, Vice-President; H. B. Lewis, 
Secretary; C. H. Fiske, Treasurer; P. E. Howe, 
W. C. Rose, D. W. Wilson, Councilors. 1933 
W. M. Clark, President; H. B. Leuhs, Vice-Presi- 
dent; H. A. Mattill, Secretary; C. H. Fiske, 
Treasurer; H. C. Bradley, P. E. Howe, W. C. 
Rose, Councilors. 1934 W.M. Clark, President; 

H. B. Lewis, Vice-President; H. A. Mattill, 
Secretary'; C. H. Fiske, Treasurer; H. C. Brad- 
ley, E. A. Doisy, P. E. Howe, Councilors. 1935 
H. B. Lewis, President; G. E. Cullen, Vice- 
President; H. A. Mattill, Secretary; C. H. 
Fiske, Treasurer; H. C. Bradley, J. B. Collip, 
E. A. Doisy, Councilors. 1936 H. B. Lewis, 
President; G. E. Cullen, Vice-President; H. A. 
Mattill, Secretary; A. B. Hastings, Treasurer; 
J. B. Collip, E. A. Doisy, W. C. Rose, Councilors. 
1937 G. B. Cullen, President; W. C. Rose, Vice- 
President; H. A. Mattill, Secretari'; A. B. 
Hastings, Treasurer; E. A. Doisy, H. B. Lewis, 
H. B. Vickery', Councilors. 1938 G. E. Cullen, 
President; W. C. Rose, Vice-President; Charles 

G. King, Secretarj’; A. B. Hastings, Treasurer; 

H. B. Lewis, H. A. Mattill, H. B. Vickery, 

Councilors. 1939 W. C. Rose, President; R. J. 
Anderson, Vice-President; Charles G. King, 
Secretarj'i A. B. Hastings, Treasurer; H. B. 
Leyvis, pi. a. Mattill, G. E. Cullen, Councilors. 
1940 William C. Rose, President; Rudolph J. 
Anderson, I'^ice-President; Charles G. Kino, 
Secrctarj'; A. B. Hastings, Treasurer; H. A. 
Mattill, Glen.v E. Cullen, E. A. Doisy, Coun- 
cilors. 1941 R. J. Anderso.v, President; E. A. 
Doisy', Vice-President; A. K. Balls, SecretarY'; 
W. C. Stadie, Treasurer; H. B. Le C. 
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Rose, Councilors. 1942 R.J. Anderson, President; 
E. A. Doisy, Vice-President; A. K. Balls, Secre- 
tary; W. C. Stadie, Treasurer; W. C. Rose, C. A. 
King, H. Y. Clarke, Councilors. 

CONSTITUTION 

From the Articles of Incorporation 

1. The name of the proposed corporation is 
“American Society op Biological Chemists, 
Incorporated . ’ ’ 

2. The purposes for which this corporation is 
formed are to further the extension of biochemical 
knowledge and to facilitate personal intercourse 
between American investigators in biological 
chemistry. 

BY-LAWS 

Article I. — Membership 

Section 1. Eligibility for Membership . — Qualified 
investigators who have conducted and published 
meritorious original investigations in biological 
chemistry shall be eligible for membership in the 
Society. 

Sec. 2. Nomination . — Nominations for member- 
ship shall be made and seconded by members of 
the Society on blanks furnished by the Secretary. 
Nominations shall be submitted to the Council 
who shall determine eligibility and make recom- 
mendation to the Society at a regular meeting. 

Sec. 3. Election to Mernbership. — A. A nominee 
for membership may be voted for by ballot at any 
meeting of the Society after Council has reported 
its findings on his eligibility. The eligible candi- 
date shall be reported by the Council as “eligible” 
or as “eligible and indorsed.” B. A majority of the 
ballots cast shall elect. 

Sec. 4. Forfeiture. — A. Any member who may 
grant the use of his name for (a) the advertisement 
of a patent medicine, a proprietary food prepara- 
tion, or any other commercial article of doubtful 
value to the public or possibly harmful to the pub- 
lic health, or (b) who may concede its use for the 
' purpose of encouraging the sale of individual 
samples (of any such product) that he has not ex- 
amined, shall forfeit his membership. 

B. The Council shall have authority to announce 
forfeiture of membership, provided that the copy 
of the charges, together with a written notice of 
a hearing thereon by the Council at a place and 
time specified in such notice, shall have been de- 
livered to the member charged with violating the 
preceding section either personally or mailed to 
him at his last known address at least thirty d.ays 
before the date of such hearing. 

Sec. 5. Expulsion . — Upon the recommendation 
of the Council any member may be expelled by a 
majority vote of the total membership at a meet- 
ing of the Society, provided that a copy of the 


charges against him, together with a written notice 
of a hearing thereon by the Council at a place and 
time specified in such notice shall have been de- 
livered to him personally or mailed to him at his 
last known address at least thirty days before the 
date of such hearing; 

Article II . — Meetings and Quorum 

Section 1. Annual . — The annual meeting of the 
Society shall be held on the date fixed by the Cer- 
tificate of Incorporation. 

Sec. 2. Special . — A special meeting may be called 
at any time by the President, or in case of his 
absence or disability, by the Vice-President, and 
must be called at the request of a majority of the 
Council or fifteen members of the Society. A notice 
specifying the purpose of such meeting shall be 
mailed to each member at least ten days previous 
thereto. The Council shall select the places at 
which meetings shall be held. 

Sec. 3. Quorum . — Fifteen members shall con- 
stitute a quorum at all meetings of the Society, 
but in absence of a quorum any number shall be 
sufficient to adjourn to a fixed date. 

Article III . — Officials 

Section 1. Qtjicers . — The officers shall be a Presi- 
dent, a Vice-President, a Secretar 3 ’-, and a Treas- 
urer, who shall be elected annually by the mem- 
bers of the Societ 3 L 

Sec. 2. Council. — A. The officers so elected and 
three additional members, one of whom shall bo 
elected at each annual meeting of the Society to 
serve a three year term, shall constitute the Board 
of Directors of the corporation and shall be known 
as “The Council.” (When this provision is first 
put into effect three members will need to be 
elected for a one, a two and a three year period.) 

B. No two members of the Council may be from 
the same institution, and none of the officers so 
elected shall be eligible for re-election for more 
than two years except the Secretary and Treasurer, 
who shall be eligible for re-election for five years. 
The three additional members of the Council shall 
be ineligible for re-election (until after the lapse 
of one year). 

Sec. 3. Duties of Oncers.— The powers and duties 
of the officers elected by the Society shall be such 
as usually devolve upon their respective positions. 

Sec. 4. Assistant Treasurer. — A. The Counci 
may from time to time appoint a trust companji 
or some member of the Society, to serve during 
pleasure of the Council as Assistant Treasurer, 
and to act as depositary of the investments an 
income of the “Christian A. Hertcr Memorn 
Fund” and of such other funds ns the Society m. y 
from time to time commit to its or his 

B. The Assistant Treasurer shall have and c. 
cise the following powers and duties, viz., 
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custody nnd safe-keeping of securities and cash 
belonging to the “Christian A. Ilerter Fund” and 
the colleciion of income nnd other moneys due to 
the Fund, with power to receipt for the same and 
to endorse for deposit all checks payable to the 
Society or the Treasurer, or to the Journal of 
Biological Chemistry for income or other moneys 
due to the Fund, the investment or reinvestment 
of the capital of the Fund, subject to the approval 
of the Council; the disbursement of principal 
under the direction of the Council and the dis- 
bursement of income under the direction of the 
Editorial Board of the Journal of Biological 
Chemistry, such disbursement to be made under 
a resolution of the Council or Board, or with the 
approval of two members of either the Council 
or Board, as the case may be. The Assistant 
Treasurer shall keep books of account and render 
statments, annually or oftener upon the request 
of the Council or Board setting forth the condition 
of the Fund and the recepits and disbursements 
since the date of the preceding statement. 

Article ItL — The Council 

Section 1. Powers . — The general management of 
the Society during the intervals between meetings 
shall be vested in the Council, which shall reg- 
ularly perform the ordinary duties of an e.xecutive 
committee and possess all the powers conferred 
upon the Boardi of Directors of a membership 
corporation by the hlembership Corporation Law 
of the State of New' York. 

Sec. 2. Reports . — The Council shall report to 
the Society ns promptly as possible its findings 
on the eligibility of candidates for membership, 
and on all charges of a violation of these By-Laws. 

Sec. 3. Journal of Biological Chemistry . — The 
Council shall have power to appoint the persons 
to act as proxies for the Society at all meetings of 
the stockholders of the “Journal of Biological 
Chemistry” (a corporation) of which all the stock 
is owned by the Society, and also to designate the 
persons to be elected as Directors of such cor- 
poration. 

Sec. 4. Herler Fund . — It shall be the duty of the 
Council to see that the “Christian A. Herter 
Memorial Fund” is administered in accordance 
with the terras of the Trust Agreement, dated 
May 16, 1911, executed by the Journal of Biological 
Chemistry and the donors of said Fund. 

Article V . — Nominating Committee 

Section 1. Membership.— A. The Nominating 
Committee shall consist of nine members from 
nine different institutions elected at each annual 
meeting to serve for the ensuing year. Members 
who have served on the Nominating Committee 
tor two consecutive years shall be ineligible for 
re-election until after the lapse of one year. 


B. The member of the Nominating Committee 
who is elected to the Committee by the largest 
number of votes shall become Chairman and Secre- 
tary of the Committee. 

Sec. 2. Nomination of Officials. — A. The Nomi- 
nating Committee shall make at least one nomina- 
tion for each of the four offices and for each of the 
three additional positions in the Council to be 
filled by vote of the members. 

B. The nominations by the Nominating Com- 
mittee must be transmitted to the Secretary at 
least one month before the annual meeting at 
which the 3 ' are to be considered. 

C. The Secretary shall send to every member, 
at least two weeks before the annual meeting, two 
copies of the list of nominees presented to him by 
the Nominating Committee and at the same time 
shall notify all the members that they may vote 
by pro.xy. 

D. At the opening of the first executive session 
of the ensuing annual meeting the Secretary shall 
formally present the regular nominations for the 
Nominating Committee. 

B. Additional nominations for the offices and 
for membership in the Council may be made by 
any member at the opening of the first executive 
session of any annual meeting. 

F. Nominations for membership on the Nomi- 
nating Committee shall be made by or for individ- 
ual members, either in person or by proxy, and 
not otherwise, at the opening of the first executive 
session of any annual meeting. 

Sec, 3. Election of Officials. — A. The Secretary 
shall receive and present to the tellers, appointed 
by the President to take charge of the election, 
all signed ballots forwarded by absent members. 
When such ballots are presented to the tellers the 
Secretary shall announce the names of the mem- 
bers voting by pro.xy, and he shall record the same 
names in the minutes of the meeting. 

B. All elective officials shall be selected by ballot 
at the close of the first executive session of each 
annual meeting. 

C. A maj ority of the votes cast shall be necessary 
to elect an official. 

D. Elective officials shall take office on July 1st 
following the annual meeting. 

Sec. 4. Filling of Vacancies. — A. The Nominating 
Committee shall fill all vacancies in elective 
positions except such as maj' occur at a meeting 
of the Society. 

B. The President of the Society shall fill all va- 
cancies in appointive positions. 

Article VI. — Financial 

Section 1. Dues. — Annual assessments shall 
be determined by majority vote at the annual 
meetings, upon the recommendation of the Coun- 
cil, and sh.all be due Januarj- 35th in each year. 
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Members who have reached the age of 65 years, or 
who have become incapacitated, may, by vote 
of the Council, be exempted from the payment 
of dues. 

Sec. 2. Expenditures . — No expenditures from 
the general funds of the Society except- those re- 
quired in the performance of the ordinary official 
duties shall be made except by vote of the Society 
or the Council, but this section shall not apply to 
expenditures from the “ Christian A. Herter Memo- 
rial Fund.” 

Sec. 3. Privileges of Membership Begin with Pay 
meni of Dues . — Candidates for membership, if 
elected, shall not be entitled to any of the privi- 
leges of membership, before they pay the dues of 
the fiscal year succeeding their election. 

Sec. 4. Penalty for Non-Payment of Dues. — A. 
Members in arrears for dues for a period of three 
consecutive years shall thereupon forfeit their 
membership. 

B. Delinquent members may be reinstated b 3 ' 
the Council provided all indebtedness to the So- 
ciety is liquidated. 

Sec. 5. Herter Fund. — The ‘‘Christian A. Herter 
Memorial Fund” shall be held and invested 
separately from the general funds of the Society 
and the income thereof shall be e.xpended under 
the direction of the Editorial Board exclusively 
for the maintenance and support of the Journal 
of Biological Chemistry, subject to the supervision 
and control of the Editorial Committee in accord- 
ance with the terms of the Trust Agreement 
mentioned in Abticle IV, Section 4, and the 
provisions of Article VII of the By-Laws. 

Article VII . — Journal of Biological 
Chemistry 

Section 1. Editorial Committee . — There shall 
be an Editorial Committee consisting of nine 
members of the Society who shall be nominated 
by the Nominating Committee and elected by the 
Society in the same manner as officers. The nine 
members first elected shall divide themselves by 
lot into three classes of three in each class, to serve 
for two, four, and six years respectively, and there- 
after three members shall be elected at each alter- 
nate annual meeting of the Society to succeed 
the members of the outgoing class and to serve 
for a term of six years. Members of the Committee 
shall be eligible to re-election. 

Sec. 2. Powers of Committee . — The Committee 
shall have power to elect an Editorial Board and 
shall have final authority in matters pertaining to 
the general policy of the Journal. 

Sec. 3. Editorial Board . — The members of the 
Board shall hold office until their successors are 
elected and shall appoint a Managing Editor from 
among their own number who shall have direct 


responsibility and authority for the active edi- 
torial conduct of the Journal, and who shall have 
discretionary power in arranging the details as to 
the conduct of the Journal. The expenditures of 
the income of the ‘‘Christian A. Herter Memorial 
Fund” shall bo under the direction of the Board, 
and the approval of any two members of the Board 
shall be a sufficient warrant to authorize payments 
from such income. 

Article VIII . — Papers on Scientific Subjects 

Section 1. Presentation of Papers . — The Secre- 
tary shall request each member who signifies his 
intention of reading a paper at any session to 
specify the length of time which its presentation 
will require. The time thus specified shall be 
printed on the official program, and the presiding 
officer shall have no authority to extend it unless a 
majority of the members present signify their wish 
to the contrary. In the absence of any specification 
of time required not more than ten minutes shall 
be allotted for the reading of any one paper. 

Sec. 2. Number of Papers . — No member shall be 
permitted to present more than one paper, either 
alone or in collaboration, until every member shall 
have had the opportunity of presenting one paper. 

Article IX . — Corporate Seal 

Section 1. The corporate seal of the corporation 
shall be a circle surrounded by the words, ‘‘Ameri- 
can Society of Biological Chemists,” and 
including the word, ‘‘Incorporated.” 

Article X . — Amendments 

Section 1. Amendments . — These By-Laws, after 
having been approved bj'’ the Council, and adopted 
by the Society at its first annual meeting, shall 
not be amended except as hereinafter provided. 

Sec. 2. Manner of Presentation . — Proposed 
amendments to the By-Laws must be sent to the 
Secretary at least one month before the date of the 
meeting at which they are to bo considered an 
must be indorsed in writing by at least three 
members. 

Sec. 3. Notice of Intended Amendments.— 
Secretary shall give every member notice of pro- 
posed amendments at least two -n'ceks before tic 
meeting at which they are to be considere anc^ 
shall notify all members, that they may vote } 
proxy* 

Sec. 4. Adoption of Amendments. A. The Score 
tary shall receive and present to the ^ 

pointed by the President all signed ba o s 
forwarded by absent members. When sue i o 
are presented to the tellers, the Secretary s i- 
announce the names of members voting J ’ 
and he shall record the same names in t ic nii 
of the meeting. 
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B. Votes upon amendments shall be cast at the C. Affirmative votes -from three-fifths of the 
opening of the second executive session of the members voting shall be required for the adoption 
meeting at which they are considered. of an amendment. 


AMERICAN SOCIETY FOR PHARMACOLOGY AND EXPERIMENTAL 
THERAPEUTICS, INCORPORATED 

Founded December SS, 1908; Incorporated June 19, 19SS 


OFFICERS ELECTED 1942 

President — E. K. Mabshall, Jr., The Johns 
Hopkins School of Medicine, Baltimore, Marjdand. 

Vice-President — CARn A. Dragstedt, North- 
western University Medical School, Chicago, 
Ulinois. 

Secretary — ^Raymond N. Bieter, University of 
Minnesota Medical School, Minneapolis. 

Treasurer — E. E. Nelson, Burroughs, Well- 
come & Co., E.xperimental Research Laboratories, 
Tuckahoe, N. Y. 

Councti— McK. C.ATTELL, Cornell University 
Medical College, New York, New York, R. G. 
Smith, Tulane University, New Orleans, La., E. K. 
Marshall, Jr., C. A. Dragstedt, R. N. Bieter, 

E. E. Nelson. 

Memhership Committee — ^Harrt Gold (term ex- 
pires 1043), Cornell University Medical College, 
New York, New A'ork, M. H. Servers (term 
expires 1944), University of Michigan, Ann Arbor, 
Michigan, HABray B. Haag (term e.xpires 1945), 
Medical College of Virginia, Richmond, Virginia. 

Nominating Committee — H. O. Calveby, Chair- 
man, A. C. DeGraff, J. M. Dille, B. H. Robbins, 

F. F. Yonkman. 

PAST OFFICERS 

1909 J. J. Abel, President; Reid Hunt, Secre- 
tary; A. S. Loevenkart, Treasurer; S. J. Melt- 
zee, T. SoLLMANN, C. W. Edmunds, A. C. 
Crawford, Councilors. 1910 J. J. Abel, Presi- 
dent; Reid Hunt, Secretary; A. S. Loevenhart, 
Treasurer; A. C. Crawford, G. B. Wallace, 
Councilors. 1911 J. J. Abel, President; Reid 
Hunt, Secretary; A. S. Loevenhart, Treasurer; 

G. B. Wallace, W. deB. MacNider, Councilors. 
1912 J. J. Abel, President; J. Auer, Secretary; 
A. S. Loevenhart, Treasurer; G. B. Wallace, 
Reid Hunt, Councilors. 1913 T. Sollmann, 
President; J. Auer, Secretary; A. S. Loei-enhabt, 
Treasurer; J. J. Abel, W. deB. MacNider, 
Councilors. 1914 T. Sollmann, President, J. 
Auer, Secretary; W. deB. MacNider, Treasurer; 
J. J. .\bel, a. S. Loevenhart, Councilors. 1915 
T. Sollmann, President; J. Auer, Secretary; W. 
deB. MacNider, Treasurer; Worth Hale, D. E. 
Jackson, Councilors. 191G Reid Hunt, Presi- 


dent; J. Auer, Secretary; W. deB. MacNider, 
Treasurer; A. D. Hihschfeldbr, G. B. Roth, 
Councilors. 1917 Reid Hunt, President; L. G. 
Rowntree, Secretary; W. deB. MacNider, 
Treasurer; J. Auer, Carl Voegtlin, CouDcilors. 
1918 Reid Hunt, President; E. D. Brown, Secre- 
tary; W. deB. MacNider, Treasurer; Hugh 
McGuigan, Carl Voegtlin, Councilors. 1919 
A. S. Loevenhart, President; E. D. Brown, 
Secretary; W. deB. MacNider, Treasurer; Reid 
Hunt, E. K. Marshall, Jr., Councilors. 1920 
A. S. Loevenhart, President; E. D. Brown, 
Secretary; W. deB. MacNider, Treasurer; D. E. 
Jackson, E. K. Marshall, Jr., Councilors. 1921 

C. W. Edmunds, President; E. D. Brown, Secre- 
tary; Hugh McGuigan, Treasurer; John Auer, 
J. P. Hanzlik, Councilors. 1922 C. W. Edjiunds, 
President; E. D. Brown, Secretary; Hugh Mc- 
Guigan, Treasurer; J. P. Hanzlik, H. G. Bar- 
bour, Councilors. 1923 C. W. Ed.munds, 
President; E. D. Brown, Secretary; Hugh 
McGuigan, Treasurer; J. P. Hanzlik, H. G. 
Barbour, Councilors. 1924 John Auer, Presi- 
dent; E. D. Brown, Secretary; A. L. Tatum, 
Treasurer; J. P. Hanzlik, H. G. Barbour, Coun- 
cilors. 1925 John Auer, President; E. D. 
Brown, Secretary; A. L. Tatum, Treasurer; H. 
G. B.arbour, W. deB. MacNider, Councilors. 
192G John Auer, President; E. D, Brown, Secre- 
tary; A. L. Tatum, Treasurer; H. G. Barbour, 
W. deB. MacNider, Councilors. 1927 Carl 
Voegtlin, President; E. D. Brown, Secretary; 
A. L. Tatd.m, Treasurer; V. E. Henderson, C. 
W. Edmunds, Councilors. 1928 Carl Voegtlin, 
President; E. D. Brown, Secretary; A. L. Tatu.m, 
Treasurer; V. E. Hendebso.n, C. W. Ed.mu.vds, 
Councilors. 1929 Carl Voegtlin, President; E, 

D. Brown, Secretary; O. H. Plant, Treasurer; 
V. E. Henderson, C. W. Edmunds, Councilors.' 
1930 George B. Wallace, President; E. D. 
Brown, Secretary; 0. H. Plant, Treasurer; H. 
G. Barbour, C. M. Gruber, Councilors. 1931 
George B. Wallace, President; Velyien E. 
Henderson, Secretary; O. H. Plant, Treasurer; 
Paul D. La.mson, William deB. MacNider, 
Councilors. 1932 Wm. deB. MacNider, Presi- 
dent; A. N. Richards, Vice-President; V. E. 
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Henderson, Secretary; 0. H. Plant, Treasurer; 
G. B. Roth, A. L. Tatum, Councilors. 1933 Wm. 
deB. MacNider, President; A. L. Tatum, Vice- 
President; V. E. Henderson, Secretary; 0. H. 
Plant, Treasurer; C. M. Gruber, G. B. Roth, 
Councilors. 1934 R. A. Hatcher, President; A. 

L. Tatum, Vice-President; E. M. K. Ceiling, 
Secretary; 0. H. Plant, Treasurer; Wm. deB. 
MacNider, R. L. Stehle, Councilors. 1935 V. 
E. Henderson, President; O. H. Plant, Vice- 
President; E. M. K. Ceiling, Secretary; C. M. 
Gruber, Treasurer; Floyd de Eds, M. S. 
Dooley, Councilors. 193G V. E. Henderson, 
President; 0. H. Plant, Vice-President; E. M. K. 
Ceiling, Secretary; C. M. Gruber, Treasurer; 
C. W. Edaiunds, G. B. Wallace, Councilors. 
1937 A. L. Tatuai, President; E. M. K. Ceiling, 
Vice-President; G. P. Grabfield, Secretary; C. 

M. Gruber, Treasurer; V. E. Henderson, M. H. 
Seevers, Councilors. 1938 A. L. Tatum, Presi- 
dent; E. M. K. Ceiling, Vice-President; G. P. 
Grabfield, Secretary; C. M. Gruber, Treasurer; 
E. K. Marshall, Jr., C. F. Schmidt, Councilors. 
1939 O. H. Plant, President; E. M. K. Ceiling, 
Vice-President; G. P. Grabfield, Secretary; E. 
E. Nelson, Treasurer; A. L. Tatuai, C. A. Drag- 
STBDT, Councilors. 1940 E. M. K. Ceiling, 
President; C. F. Schmidt, Vice-President; G. 
Philip Grabfield, Secretary; E. E. Nelson, 
Treasurer; B. H. Robbins, C. H. Thienes, Coun- 
cilors. 1941 E. M. K. Ceiling, President; C. F. 
Schaiidt, Vice-President; Rayaiond N. Bieter, 
Secretary; E. E. Nelson, Treasurer; E. G. Gross, 
R. G. Saiith, Councilors. 1942 E. K. Marshall, 
Jr., President; Carl A. Dragstedt, Vice-Presi- 
dent; Rayaiond N. Bieter, Secretary; E. E. 
Nelson, Treasurer; McK. Cattell, R. G. Saiith, 
Councilors. 

CONSTITUTION 

Article I . — Name 

The name of this organization shall be the 
“Aaierican Society for Pharaiacology and 
Experiaiental Therapeutics, Incorporated,” 

Article II . — Objects 

The purpose of this Society shall be to promote 
these branches of science and to facilitate personal 
intercourse between investigators who are actively 
engaged in research in these fields. 

Article III . — Membership 

Section 1. Any person who has conducted and 
published a meritorious investigation in pharma- 
cology or experimental therapeutics, and who is an 
active investigator in one of these fields, shall be 
eligible to membership, subject to the conditions 
of the other sections of Article III. 


Sec. 2. A. Candidates for membership to this 
Society shall be proposed by two members who are 
not members of the Council. The names so pro- 
posed shall be sent to the Secretary at least three 
months prior to the Annual Meeting. 

B. The Membership Committee shall investigate 
the qualifications of the candidates and report 
to the Council. 

C. Candidates reported upon by the Membership 
Committee to the Council may be recommended 
for admission by the Council only provided they 
have been unanimously approved by both the 
Membership Committee and the Council. 

D. The names of the candidates recommended 
for admission by the Council shall be posted by 
the Secretary not later than the day preceding the 
election for members. 

E. The election of members shall be by individ- 
ual ballot; one opposing vote in every eight cast 
shall be sufficient to exclude a candidate from 
membership. 

Sec. 3. Forfeiture of Membership. 

A. Any member whose assessment is three years 
in arrears shall cease to be a member of the Society, 
unless he shall be reinstated by a special vote of 
the Council; and it shall be the duty of the Treas- 
urer to inform the Seeretary that he may notify 
the said delinquent of his right to appeal to the 
Council. 

B, If the Council shall decide that it is for the 
best interests of the Society that a member be 
expelled, the member shall be notified and given 
an opportunity of a hearing before the Council. 
Upon the recommendation of the Council the mem- 
ber then may be e.xpelled by a three-fourths vote 
of those present at a regular meeting of the Society. 

Sec. 4. Honorary Members. 

A. Distinguished men of science who have 
contributed to the advance of pharmacology or 
experimental therapeutics shall be eligible for 
election as honorary members of the Society. 

B. Nominations for honorary members shall 
take the same course as nominations for ordinary 
members (Art. Ill, Sec. 2); but their election shall 
require the unanimous vote of the members pres- 
ent at the election. 

C. Honorary members shall pay no membership 
fee. They shall have the right to attend all meet- 
ings of the Society, and to take part in its dis- 
cussions, but they shall have no vote. 

D. The conditions for continuation of mem er 
ship shall be the same for honorary as for ordinary 
members (Art. Ill, Sec. 3), e.xcept that forfeiture 
for arrears of fees does not apply to honorary 
members. 

Article IV. — Officers and Elections 

Section 1. The management of the Society shall 
be vested in a Council of six officers, consisting o 
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a President, a Vice President, a Secretary, a 
Treasurer, and two additional members. 

Sec. 2. There shall be a Membership Committee 
consisting of three members, and a Nominating 
Committee consisting of five members. No two 
members of either Committee shall be from the 
same institution. 

Sec. 3. Members of the Council shall serve for one 
year but they shall be eligible for re-election. 

Sec. 4. The election of the Membership Com- 
mittee shall be held annually at the time when the 
election of ofiicers occurs. At the first meeting of 
the Society under this Constitution, one member 
shall be elected to serve on the Committee for 
three years, -one for two years, and one for one 
year; and subsequently one member shall be 
elected each year to serve for a period of three 
years. 

Sec. 5. A. Members of the Nominating Commit- 
tee shall serve for one year. They are eligible for 
re-election, but shall not hold membership in the 
Committee for more than two consecutive years. 

B. The Nominating Committee shall make at 
least one nomination for each office and for posi- 
tion on the hlembership Committee to be filled 
by vote of the members. The nominations so made 
shall be transmitted to the Secretary and by him 
in turn to the members, at least one month before 
the annual meeting. Additional nominations may 
be made by any member at the time of the annual 
meeting. 

C. Nominations for membership on the Nomi- 
nating Committee shall be made by individual 
members at the time of the annual election. The 
five nominees who receive the highest number of 
votes shall be declared elected. The Nominating 
Committee shall select its own chairman who shall 
also serve as secretary to the Committee. 

. Sec. 6. The election of officers shall be held at 
the close of the first session of the annual meeting. 
In voting there shall be a ballot in regular order 
for each office to be filled, and the majority of the 
votes cast shall be necessar 3 ’ to a choice. 

Sec. 7. Such vacancies as maj- occur in the offices 
and in the various committees in the interval 
between annual meetings shall be filled bj' a 
niajoritj’ vote of the Council. 

Article V. — Meetings 

Section 1. The annual meeting of the Socictj' 
shall be held at a time and place determined bj' 
the Council in consultation with the E.xecutive 
Committee of the Federation of American Societies 
for Experimental Biologj'. 

Sec. 2. Special meetings maj’ be held at such 
times and places as the Council maj' determine. 

Sec. 3. At least four weeks before the annual 
tnceting the Sccretarj’ shall send to each member 
a notice of the time and place of such meeting and 


shall make such announcements as the Council 
ma 3 ' direct. 

Article VI . — Financial 

Section 1. The annual assessment shall be 
determined b 3 ' majority vote at the annual meet- 
ings, upon the recommendation of the Council, 
and shall be due in advance at the time of the 
meeting. 

Sec. 2. Beyond the ordinar 3 ' e.xpenditures re- 
quired by the routine business of the Society no 
mone 3 ' shall be disbursed save by the authority 
of the Council or Society. 

Sec. 3. The treasurer shall make an annual report 
to the Societ 3 ’. 

Sec. 4. In case any profits result to the Society 
from the Journal of Pharmacology and E.xperi- 
mental Therapeutics at the end of the financial 
year, such profits shall be kept in a special account, 
after deducting an 3 ' sums expended by the Society 
during the year for the conduct of the Journal, 
and shall be held subject to the order of the Council 
on recommendation of the Editorial Board. 

Article VII . — Quorum 

Ten members shall constitute a quorum for the 
transaction of business. 

Article VIII. — By-Laws 

B 3 ’-Laws shall be adopted, altered or repealed 
at an 3 ' meeting by two-thirds vote of the bal- 
lots cast. 

Article IX . — Amendments 

Section 1. Intended amendments to the Con- 
stitution shall be sent to the Secretary at least 
one month before the date of the meeting at which 
they are to be considered, and must be indorsed 
in writing b 3 ’ at least three members. 

Sec. 2. The Secretary shall give all members due 
notice of proposed amendments. 

Sec. 3. A four-fifths vote of the members pres- 
ent shall be required for the adoption of an 
amendment. 

Article X . — Journal 

Section 1. The official publication of the Society 
shall be the Journal of Pharmacolog 3 ' and Experi- 
mental Therapeutics. 

Sec. 2. The Societ 3 ' shall elect an Editor-in- 
Chief for a term of three 3 'enrs and he with the 
approval of the Council shall appoint an Editorial 
Board of six members for a terra of three 3-e3rs. 

Sec. 3. The Editorial Board shall h.avc direct 
.authorit 3 ’ and responsibilit 3 ’ for the active editorial 
conduct of the Journal of Pharmacolog 3 ’ and Ex- 
perimental Therapeutics and shall have discretion- 
aiy power in arranging details as to the conduct 
of the Journal. 
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BY-LAWS 

1. Papers to be read shall be selected bj'^ the 
President and Secretary, who shall be empowered 
to arrange the program in their discretion. Papers 
not read shall appear on the program as read by 
title. No member shall be permitted to read or 
have read by title more than one paper. 

2. An abstract of a paper to be read before the 


Society shall be sent to the Secretary with the 
title. As early as possible after each meeting, the 
Secretary shall edit and publish the Proceedings 
of the Society together with abstracts in a public.i- 
tion authorized by the Society. 

3. All applications for membership shall be 
accompanied by a copy of as many reprints as 
possible of the published work of the applicant. 


THE AMERICAN SOCIETY FOR EXPERIMENTAL PATHOLOGY 

Founded December 29, 1918 


OFFICERS ELECTED 1942 

President — BAnnciN Luck^, University of 
Pennsylvania Medical School, Philadelphia. 

Yice-President — Patjl R. Cannon, University 
of Chicago, Chicago, Illinois. 

Secretary-Treasurer — ^H. P. Smith, College of 
Medicine, State University of Iowa, Iowa City. 

Councilors — Douglas H. Sprunt, Duke Uni- 
versity School of Medicine, Durham, N. C., 
Frieda S. Robscheit-Robbins, University of 
Rochester School of Medicine and Dentistry, 
Rochester, N. Y . 

PAST OFFICERS 

1914 R. M. Pearce, President; John F. Ander- 
son, Vice-President; G. H. Whipple, Secretary- 
Treasurer; Harvey Cushing, David Marine, 
Councilors. 1915 Theobald Smith, President; 
G. H. Whipple, Vice-President; Peyton Rous, 
Secretary -Treasurer; David Marine, R. M. 
Pearce, Councilors. 1916 Simon Flbxner, 
President; Leo Loeb, Vice-President; Peyton 
Rous, Secretary-Treasurer; David Marine, R. 
M. Pearce, Councilors. 1917 Ludvig Hektoen, 
President; Leo Loeb, Vice-President; Howard T. 
Kabsner, Secretary-Treasurer; Paul A. Lewis, 
L. G. Rowntree, Councilors. 1918 H. Gideon 
Wells, President; W. G. MacCallum, Vice- 
President; Howard T. Karsner, Secretary- 
Treasurer; L. G. Rowntree, Ludvig Hektoen, 
Councilors. 1919 W. G. MacCallum, President; 
William H. Park, Vice-President; Howard T. 
Karsner, Secretarj^-Treasurer; Ludvig Hektoen, 
E. L. Opie, Councilors. 1920 WillIam H. Park, 
President; F. G. Novy, Vice-President; Howard 
T. Karsner, Secretary-Treasurer; E. L. Opie, 
Wade H. Brown, Councilors. 1921 F. G. Novy, 
President; Howard T. Karsner, Vice-President; 
Wade H. Brown, Secretary-Treasurer; Paul A. 
Lewis, A. R. Dochez, Councilors. 1922 Howard 
T. Karsner, President Eugene L. Opie, Vice- 
President; Wade H. Brown, Secretary -Treasurer; 
A. R. Dochez, George H. Whipple, Councilors. 


1923 Eugene L. Opie, President; Aldred S. 
Warthin, Vice-President; Wade H. Brown, 
Secretary-Treasurer; George H. Whipple, H. 
Gideon Wells, Councilors. 1924 Aldred S. 
Warthin, President; George H. Whipple, Vice- 
President; Edward B. Krumbhaar, Secretar}'- 
Treasurer; H. Gideon Wells, Frederick L. 
Gates, Councilors. 1925 George H. Whipple, 
President; Wade H. Brown, Vice-President; 
Edward B. Krumbhaar, Secretary-Treasurer; 
Frederick L. Gates, David Marine, Councilors. 
1926 Wade H. Brown, President; David Marine, 
Vice-President; Edward B. Krumbhaar, Secre- 
tary-Treasurer; Frederick L. Gates, William F.' 
Petersen, Councilors. 1927 David Marine, 
President; Edward B. Krumbhaar, Vice-Presi- 
dent; Carl V. Weller, Secretar 3 '^-Treasurer; 
William F. Petersen, Frederick L. Gates, 
Councilors. 1928 Edward B. Krumbhaar, Presi- 
dent; William F. Petersen, Vice-President; 
Carl V. Weller, Secretary -Treasurer; Fred- 
erick L. Gates, Samuel R. Haythorn, Coun- 
cilors. 1929 William P. Petersen, President; 
Frederick L. Gates, Vice-President; Carl V. 
Weller, Secretary-Treasurer; Samuel R. Hay- 
thorn, Peyton Rous, Councilors. 1930 Fred- 
erick L. Gates, President; Samuel R. Haythorn, 
Vice-President; C. Phillip Miller, Secretary- 
Treasurer; Peyton Rous, Carl V. Weller, 
Councilors. 1931 Samuel R. Haythorn, Presi- 
dent; Peyton Rous, Vice-President; C. Phillip 
Miller, Secretary-Treasurer; Carl V. ^YELLER, 
S. Burt Wolbach, Councilors. 1932 Peyton 
Rous, President; Carl V. Weller, Vice-Presi- 
dent; C. Phillip Miller, Secretary-Treasurer, 
S. Burt Wolbach, Oskar Klotz, Councilors. 
1933 Carl V. Weller, President; S. Burt Wol- 
bach, Vice-President; C. Phillip Miller, Secre- 
tary-Treasurer; Oskar Klotz, Alphonse 
Dochez, Councilors. 1934 S. Burt Woldac/i, 
President; Oscar Klotz, Vice-President; Siiields 
Warren, Secretary-Treasurer; C. Phillip i m 
LER, Alphonse B, Dochez, Councilor. » 
Oskar Klotz, President; Alphonse R. och-., 
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Vice President. Shields Warren, Seoretar 3 '-- 
Treasurer; jMorton McCutcheon, C. Phillip 
Miller, Councilors. 193G Alphonse R. Dochez, 
Pre.sident; C. Phillip Miller, Vice-President; 
Shields W.^rren, Secretary-Treasurer; Morton 
McCdtcheon, Ernest W. Goodpasture, Coun- 
cilors. ‘1937 C. Phillip Miller, President; Mor- 
ton McCutcheon, Vice-President; P.wl R. 
Cannon, Secretary-Treasurer; Ernest W. Good- 
pasture, Shields Warren, Councilors. 1938 
Morton IMcCutcheon, President; Ernest W. 
Goodpasture, Vice President; Paul R. Cannon, 
Secretarj'-Treasurer; Shields Warren, Jesse L. 
Bollman, Councilors. 1939 Ernest W. Good- 
pasture, President; Shields Warren, Vice- 
President ; Paul R. Cannon, Secretary-Treasurer; 
Jesse L Bollman, Balduin Luck£, Councilors. 
1910 Shields Warren President; Jesse L. Boll- 
man, Vice-President: H. P. Smith, Secretary- 
Treasurer; Balduin Luck^, Paul R. Cannon, 
Councilors. 1941 Jesse L. Bollman, President; 
Balduin Luck£, Vice-President; H P. S.mith, 
Secretarj'-Treasurer; Paul R. Cannon, Douglas 
H. Sprunt, Councilors. 1942 Balduin Luck^, 
President; Paul R. Cannon, Vice-President; 
H. P. Smith, Secretary -Treasurer; Douglas H. 
Sprunt, Frieda S. Robscheit-Robbins, Coun- 
cilors. 

CONSTITUTION 
Article I . — Name 

The Society shall be named “The American 
Societ? for Experimental Pathologv.” 

.Article II . — Object 

The object of this Societj' is to bring the produc- 
tive investigators in pathology, working essen- 
tially bj- e.vperimental methods, in closer affiliation 
with the workers in the other fields of experimental 
medicine. 

Article III . — Tvne and Place of Meeting 

The Society shall meet at the same time and 
place as the Federation of American Societies for 
Experimental Biologj', which comprises at present 
the American Phj'siological Societj', the American 
Society of Biological Chemists, the American 
Societj' for Pliarmacologj' and Experimental 
Therapeutics, and the .American Society for 
Experimental Pathologj*. 

Article IV . — Membership 

Section 1. Any American investigator who, 
through the use of experimental methods, Ims, 
within three j’ears prior to his candidacj', con- 
tributed meritorious work in pathologj', is eligible 
to membership. 

Sec. 2. It shall be the policj' of the Societj' to 


restrict its membership to as small numbers as is 
compatible with the maintenance of an active 
e.xistence. 

Sec. 3. There shall be two classes of members: 
active and honorary members. 

Active members: Candidates for active member- 
ship shall be nominated at or before an annual 
meeting by two members of the Society. The nomi- 
nators shall present to the Secretary in writing 
evidence of the candidate’s qualifications for 
membership. Nominations approved by the 
Council shall be presented to the Society for elec- 
tion at the ne.xt annual meeting following nomina- 
tion. For election a favorable ballot by a majority 
of the members present is necessary. 

Honorary members: These may be elected from 
the active list or from the group of distinguished 
investigators at home or abroad who have con- 
tributed to the know'ledge of pathology by experi- 
mental study. They shall be elected only by the 
unanimous vote of the members present at time 
of nomination. 

Sec. 4. Active members shall pay such annual 
dues as are determined upon, from year to year, by 
the Council . Honorary members shall pay no dues, 
are not eligible to office, and have no vote in the 
business affairs of the Society, but thej' shall have 
all the privileges of the active members in the 
scientific proceedings. 

Sec. 6 . Upon failure of an active member to pay 
dues for two years, notice shall be given to the 
member by the Secretary. At the end of the third 
year, if dues are still unpaid, such failure con- 
stitutes forfeiture of membership. 

Sec. 6. A motion for expulsion of a member must 
be thoroughly investigated by the Council; at this 
investigation the accused shall be afforded a hear- 
ing or may be represented by a member. Expulsion 
can be accomplished only after a unanimous vote 
by the Council in favor of expulsion, sustained by 
a four-fifths vote of the members present at the 
meeting. 

Article V . — Officers 

The management of the Society shall be vested 
in a Council of five members, consisting of a 
President, a Vice-President, a Secretary-Treas- 
urer, and two other members who shall be nomi- 
nated by the Council and elected bj' the Society. 
Officers are elected bj' a majority vote. Vacancies 
shall be filled bj- the Council for the une.xpired 
term. 

The President and Vice-President shall hold 
office for one j'ear and are ineligible for re-election 
during the follow'ing j'ear. The Secretarj'-Treas- 
urer is eligible for re-election. Councilors shall 
hold office for two j'cars and are elected on alter- 
nate j'ears. At the first election one Councilor shall 
be elected for a short term of one j’ear. 



222 


FEDERATION PROCEEDINGS 


Article VI. — Quorum 

Section 1. Three constitute a quorum of the 
Council. The Council decides by a majority vote. 

Sec. 2. A quorum of the Society for transaction 
of business shall be one-fourth of the total member- 
ship. In all questions brought before the Society 
a majority vote of those present shall decide, 
except as elsewhere provided for. 

Article VII. — Annual Meeting 

Section 1. Papers shall be limited to ten min- 
utes. However, on motion and with unanimous 
consent, the time may be prolonged by a period not 
exceeding five minutes. The Council may make 
provision for longer papers on suitable occasions. 

Sec. 2. The subjects of papers must be confined 
to experimental work in pathology. In doubtful 
cases a liberal interpretation by the President and 
Secretary may prevail. The Council may invite, 
however, presentations dealing with any subject 
which it considers of considerable interest to the 
Society. 

Article VIII. — Change of Constitution 

A motion concerning a change of the Constitu- 
tion must be presented to the Council in writing 
by three members, and must be communicated to 


the members by the Secretary at least four weeks 
before the annual meeting. At this meeting such a 
change may be established when accepted by a 
four-fifths vote of the members present. 

BY-LAWS 

1. There must be in each year at least one meet- 
ing of the Council, W'hich shall take place not later 
than the evening before the annual meeting. 

2. At the end of the first session of the annual 
meeting the Secretary shall read the report of the 
Council. This report shall include (1) names of 
persons recommended for membership, (2) nomi- 
nations for offices, (3) matters of general interest. 
The Secretary shall e.\'hibit in a conspicuous place 
the names of candidates for membership recom- 
mended by the Council, together with the evidence 
of the qualifications of the candidates. 

3. The election of officers and of new members, 
changes in the Constitution, etc., shall be voted 
upon at the end of the first session. 

4. Changes in the By-Laws may be determined 
by a majority vote of those present. 

5. In the year that a new Secretary-Treasurer 
is elected the incoming Council Member elected 
that year, or another member of the Council, shall 
become Assistant Secretary-Treasurer for the 
duration of the term of the Secretary-Treasurer. 
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') OFFICERS ELECTED 1943 

President — H. B. Lewis. 

Vice-President — Icie G. Macy-Hoobler. 

Secretary — Arthur H. Smith. 

Treasurer — VI. H. Sebrell, Jr. 

Councilors — Lydia J. Roberts, Genevieve 
Stearns and T. H. Jukes. 

Nominating Committee — C. G. King, Chairman, 
H. J. Almquist, N. B. Guerrant, Hazel Stiebel- 
ING, H. A. IMattill. 

PAST OFFICERS 

1933 L. B. Mendel, President; H. C. Sherman, 
Vice-President; J. R. Murlin, Secretary-Treas- 
urer; E. F. DuBois, M. S. Rose, Councilors. 1934 
J. R. Murlin, President; E. F. DuBois, Vice- 
President; Icie G. Macy, Secretary; W. M, 
Boothby, Treasurer; A. H. Smith, Agnes Fay 
Morgan, R. M. Bethke, Councilors. 1935 J. R, 
Murlin, President; E. F. DuBois, Vice-President; 
Icie G. Macy, Secretary^ G. R. Cowgill, Tre.as- 
urer; A. H. Smith, R. M. Bethke, L. A. Maynard, 


Councilors. 1936 E. F. DuBois, President; Mabi 
Swartz Rose, Vice-President; G. R. Cowgill, 
Treasurer; Icie G. Macy, Secretary; R. 
Bethke, L. A. Maynard, C. A. ELVE^JE.^r, 
Councilors. 1937 Mary S. Rose, President; E. 

V. McColluai, Vice-President; G. R. Cowgill, 

Treasurer; Icie G. Macy, Secretary; L. A. May.v- 
ARD, C. A. Elvehjem, P. E. Howe, Councilors. 
1938 E. V. McCollum, President; T. M. CAnrE.v- 
tbr, Vice-President; G. R. Coivgill, Treasurer, 
L. A. Maynard, Secretary^; C. A. Elveiije.u, • 
E. Howe, Helen S. Mitchell, Councilors. 1939 
H. C. Shersian, President; T. M. Cabpenteb, 
Vice-President; G. R. Cowgill, Treasurer; L. A. 
May'nard, Secretary; P. E. Howe, ’ 

Mitchell, A. H. S.mith, Councilors. 
Thorne M. Carpenter, President; A. G. I 
Vice-President; L. A. Maynard, Secretary, 

H. Sebrell, Jr., Treasurer; Helen S. Mitchkl o 
Arthur H. Smith, Lydia J. Roberts, Counci o • 
1941 A. G. Hogan, President; L. A. MAy^Al , 
Vice-President; Arthur H. Smith, 

W. H. Sebrell, Jr., Treasurer; T. B- ‘ 
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Lvdia J. Roberts, H. B. Lewis, Councilors. 
1942 L. A. Maynard, President; H. B. Lewis, 
Vice-President; Arthur H. Smith, Secretary; 
W. H. Sebrell, Jr., Treasurer; Lydia J. Roberts, 
Genevieve Stearns, T. H. Jukes, Councilors. 

CONSTITUTION 

1. The name of the proposed societ}’^ is the 
“Americ.an Institute op Nutrition." 

2. The purposes of the society are to further the 
extension of the Knowledge of nutrition and to 
facilitate personal contact between investigators 
in nutrition and closelj' related fields of interest. 

3. The management of the American Institute of 
Nutrition shall be vested in a council consisting of 
the President, Vice-President, Secretary, Treas- 
urer and three additional members. 

BY-LAWS 

Article I — Membership 

Section 1. There shall be two classes of mem- 
bers, members and emeritus members. The number 
of members shall be limited to 300 oxxlusive of 
emeritus members. 

Sec. 2. Eligibility for membership: Members. 
Qualified investigators who have independently 
conducted and published meritorious original 
investigations in some phase of the chemistry or 
physiology of nutrition and who have shown a 
professional interest in nutrition for at least 5 
years shall be eligible for membership in the 
Society. Emeritus Members. Members in good 
standing who have reached the age of 65 years shall 
become emeritus members. A member in good 
standing and for sufficient reason may bj' vote of 
the Council be made an emeritus member. Emeri- 
tus members shall be entitled to vote but not hold 
office. 

Sec. 3. Nomination: Nominations for member- 
ship shall be made and seconded by members of 
the Society on blanks furnished by the Secretary. 
Nominations shall be submitted to the Council 
who shall determine eligibility and make recom- 
mendation to the Society at a regular meeting. 

Sec. 4. Election to membership: A. A nominee for 
membership may be voted for by ballot at any 
meeting of the Society after the Council has 
reported its findings on his eligibility. B. A major- 
ity of the ballots cast shall elect. 

Sec. 5. Forfeiture: If a majority of the Council 
after due notice to the member in question and 
opportunity for a hearing, shall decide that the 
interests of the Society require the expulsion of a 
member, the Secretary shall send a notice of this 
decision to each member at least two weeks before 
the next annual meeting. At this meeting the 
Secretary shall, on behalf of the Council, propose 
the expulsion; and if two-thirds of the members 


present vote for it, the member shall be expelled, 
his assessment for the current year shall be re- 
turned to him, and he shall cease to be a member 
of the Society. 

Article II — Meetings and Quorum 

Section 1. Annual: The annual meeting of the 
Society shall be held on the date fixed by the 
Certificate of Incorporation. 

Sec. 2. Special: A special meeting may be called 
at any time by the President, or in case of his 
absence or disability, by the Vice-President, and 
must be called at the request in writing of a 
majority of the Council or fifty members of the 
Society. Notice specifying the purpose of such 
meeting shall be mailed to each member at least 
ten days previous thereto. The Council shall select 
the places at which meetings shall be held. 

Sec. 3. Quorum: Thirty members shall consti- 
tute a quorum at all meetings of the Society, but 
in the absence of a quorum any number shall be 
sufficient to adjourn to a fixed date. 

Article III — Officials 

Section 1. Officers: The officers shall be a Presi- 
dent, and a Vice-President, who shall be elected 
annually', and a Secretary and Treasurer, each of 
whom shall be elected to serve for a term of three 
years. These officers shall be elected by the mem- 
bers of the Society. Their terms of office shall com- 
mence on May 1 of the year in which they are 
elected. 

Sec. 2. Council: The officers so selected and three 
additional members, one of whom shall be elected 
at each annual meeting to serve a term of three 
y'ears, shall constitute a Board of Trustees and 
shall be known as ‘The Council.’ (fVhen this pro- 
vision is first put into effect one member shall 
be elected for 1 year, one for 2 years and the third 
for 3 years.) 

Sec. 3. Duties of Officers: The powers and duties 
of the officers elected by the Society shall be such 
as usually devolve upon their respective positions. 

Article IV — The Council 

Section 1. Powers: The general management of 
the Society’ during the intervals between meetings 
shall be vested in the Council, which shall re- 
gularly' perform the ordinary duties of an executive 
committee and possess all the powers conferred 
upon the Board of Trustees of an educational 
institution chartered by the Education Depart- 
ment of the University of the State of New York. 
A permanent charter was issued to the American 
Institute of Nutrition under date of November 
IG. 1934. 

Sec. 2. Reports: The Council shall report to the 
Society its findings on the eligibility of candidates 
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for membership, and on all charges of a violation 
of these By-Laws. 

ArticIiE V — Nominating Committee 

Section 1. Membership: A. The Nominating 
Committee shall consist of five members appointed 
for the coming year by the retiring President. 
Members who have served on the Nominating 
Committee for two consecutive years shall be in- 
eligible for reappointment until after a lapse of 
one year. B. The President shall designate one 
member to be Chairman of the Nominating Com- 
mittee. 

Sec. 2. Nomination of Officials: A. The Nominat- 
ing Committee shall make at least one nomination 
for each of the four offices, for each of the addi- 
tional positions on the Council to be filled by vote 
of the members and for each of the positions on the 
Editorial Board to be vacated at the time of the 
annual meeting. Any member of the Institute may 
submit nominations to the Nominating Committee 
for its consideration along with those nominations 
made by the members of the Nominating Commit- 
tee. B. The nominations by the Nominating Com- 
mittee shall be transmitted to the Secretary at 
least six weeks before the annual meeting at which 
they are to be considered. C. The Secretary shall 
send to every member, at least two weeks before 
the annual meeting, a printed ballot containing the 
list of nominees and space for such additional 
names as the member wishes to propose, and at 
the same time shall notify the members that they 
may vote by mail, returning to the Secretary the 
marked ballot in the envelope provided, at such a 
time and place as the Secretary may designate, or 
the ballot may be delivered to the Secretary at 
the beginning of the business session at which the 
elections are to take place. 

Sec. 3. Election of Officials: A. At the beginning 
of the business session the Secretary shall present 
to the tellers, appointed by the President, the 
ballots submitted by the members and the ballots 
shall be counted forthwith. B. A majority of votes 
cast shall be necessary to elect an official. 

Sec. 4. Filling of Vacancies: A. The Nominating 
Committee shall fill all vacancies in elective posi- 
tions e.xcept such as may occur at a meeting of the 
Society. B. The President of the Society shall 
fill all vacancies in appointive positions. 

Article VI — Financial 

Section 1. Dues: The dues shall be the annual 
cost of subscription to The Journ.al of Nutrition 
for members plus an annual assessment which shall 
be determined by majority vote at the annual 
meetings, upon recommendation of the Council, 
and shall be due within a month after the annual 
meeting. Emeritus members are not required to 


subscribe to The Journal of Nutrition nor to pay 
assessments other than those levied on all members 
of the Federation by its Executive Committee. 

Sec. 2. Expenditures: No expenditures from the 
general funds of the Society except those required 
in the performance of the ordinary official duties 
shall be made except by vote of the Society or the 
Council. 

Sec. 3. Penalty for non-payment of - dues: A. 
Members in arrears for dues for two consecutive 
years shall forfeit their membersip. B. Delinquent 
members may be reinstated by the Council pro- 
vided all indebtedness to the Society is liquidated. 

Article VII — The Journal of Nutrition 

Section 1. The American Institute of Nutrition 
designates The Journal of Nutrition as its official 
organ of publication. 

Sec. 2. In accordance with the expressed wish of 
the Wistar Institute of Anatomy’- and Biology, 
owner and publisher of The Journal of Nutrition, 
the American Institute of Nutrition shall nominate 
members of the Editorial Board for its official 
organ. A. The editorial management of The 
Journal of Nutrition shall be vested in an Editorial 
Board consisting of an Editor and twelve Board 
Members. B. The Editor shall be chosen by the 
Editorial Board to serve a term of five years begin- 
ning May 1 of the year in which he is chosen, and i 
shall be eligible for reSlection. The Editor shall | 
have the power to designate one of the Board Mem- ! 
bers to serve as his assistant, and such an appointee j 
shall be called Associate Editor. C. Three mem- 
bers of the Institute shall be nominated by the ’ 
Nominating Committee for membership on the 
Editorial Board each year to serve a term of four 
years, replacing three retiring members and taking 
office May 1 of the year in which they are elected. 

In the event of a vacancy’- in the membership of the 
Editorial Board occurring through death or other 
reason, the Nominating Committee, for each suci 
vacancy to be filled shall make an additional nom- 
ination. In this event the nominees elected w lo 
receive the greatest number of votes shall serve 
the longest term of vacancies to be filled. 
Retiring members of the Editorial Board shall not 
be eligible for renomination until one year a ter 
their retirement. 


Article VIII— Papers on Scientific Subjects 

Section 1. The Secretary shall be authorized 
to arrange programs for the scientific sessions a 
the annual meetings. 


-Article IX— Changes in Constitution and 
By-Laws 

Section 1. Proposed changes in the 
d By-Laws must be sent in writing to the 
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tarj' at least one month before the date of the meet- 
ing at which they are to be considered, and must 
be signed by at least three members. The Secre- 
tary shall send a printed copy of any proposed 
change to each member at least two weeks before 


the next meeting and shall notify all members that 
they may vote by proxy. 

Sec. 2. If at this meeting two-thirds of the votes 
cast shall favor the proposed change, it shall 
be made. 


THE AMERICAN ASSOCIATION OF IMMUNOLOGISTS 

Founded June 19, 191S; Member of Federation 1942 


OFFICERS ELECTED 1942 

Prcsidcnt-^ACQTFES J. Bronfenbrenner, 
Washington University School of Medicine, St. 
Louis, Mo. 

Secretary -Treasurer — Arthur F. Coca, Pearl 
River, N. Y. 

Councii— Jacques J. Bronfenbrenner, 
Arthur F. Coca, Michael Heidelberger, C20 
W. 168 St., New York City, Paul R. Cannon, 
University of Chicago, Chicago, 111,, Karl F. 
Meyer, Medical Center, San Francisco, Cal., 
George P. Berry, University of Rochester, 
Rochester, N. Y., Donald T. Fraser, Connaught 
Laboratories, University of Toronto, Toronto, 
Canada, Sanford B. Hooker, (Ex officio), SO East 
Concord St., Boston, Mass., John F. Enders, (Ex 
officio). Harvard University School of Medicine, 
Boston, Mass. 

PAST OFFICERS 

Presidents — 1913 Ger.ald B. Webb. 1915 
James W. Jobling. 1916 Richard Weil. 1917 
John A. Kolmek. 1918 William H. Park. 1919 
Hans Zinsser. 1920 Rufus I. Cole. 1921 
Frederick P. Gay. 1922 George W. McCoy. 
1923 H. Gideon Wells. 1924 Frederick G. 
Now. 1925 Wilfred H. Manwaring. 1926 
Ludmg Hektoen. 1927 Karl Landsteiner. 
1928 Eugene L. Opie. 1929 Oswald T. Avert. 
1930 Stanhope Bayne-Jones. 1931 Alphonse R. 
Dochez. 1932 Augustus B. Wadsworth. 1933 
Thomas M. Rivers. 1934 Francis G. Blake. 
1935 Warfield T. Longcope. 1936 Sanford B. 
Hooker. 1937 CarlTenBroeck. 1938 Donald 
T, Fraser. 1939 George P. Berry. 1940 
Paul R. Cannon. 1941 Karl F. Meyer. 1942 
Jacques J. Bronfenbrenner. 

Vice-Presidents— 1913-1915 George W. Ross. 
1915 George P. S.anborn. 1916 John A. 
Kolmer. 

Sccrcfary— 1913-1918 Martin J. Synnott. 
Treasarer— 1913-1918 Willard J. Stone. 
Secretary-Treasurer — 1918-da(c. Arthur F. 
Coca. 


CONSTITUTION AND BY-LAWS 
Adopted April 6, 1917 

Articlb I 

Section 1. This Association shall be called 
“The American Association of Immunologists.” 

Sec. 2. The purpose of the Association shall be 
to study the problems of immunology and its 
application to clinical medicine. 

Article II 

Section 1. The Association shall be governed 
by a Council of seven, which shall consist of the 
officers of the association and enough active mem- 
bers to make a total of seven members. 

Sec. 2. The officers of the Association shall be 
a President, a Secretary, and a Treasurer, who 
shall be nominated annually by the Council, and 
elected by the Society to serve for one year. Nom- 
inations of officers may be made also by members 
of the Society. 

Sec. 3. No councilor is eligible for re-election 
until after one year, except the Secretary and the 
Treasurer, who are eligible for re-election. 

Sec. 4. If any councilor without good and suf- 
ficient reason fails to attend two consecutive meet- 
ings of the Council he shall be considered to have 
resigned. 

Sec. 5. The same person shall not sen’o as Presi- 
dent more than one year consecutively. 

Sec. 6. It is the duty of the Council to conduct 
the business of the Association and to elect the 
new members. Should a vacancy occur in the Coun- 
cil otherwise than bj’ the expiration of the term of 
service, the Council may elect a member to .servo 
for the unexpired portion of the term. 

Article III 

Section 1. Active Members. Any one actively 
engaged in the systematic study of problems re- 
lating to immunologj' shall be eligible to active 
membership. 
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Article IV 

Candidates for membership shall be nominated 
by two active members of the Association who shall 
present in writing to the Council evidence of the 
fitness of the candidates to become members of 
the Association. 

Article V 

If a majority of the Council shall decide that the 
interests of the Society require the expulsion of a 
member, the Secretary shall send a notice of this 
decision to each active member at least two weeks 
before the next annual meeting. At this meeting 
the Secretary shall, on behalf of the Council, 
propose the expulsion; and if two-thirds of the 
members present vote for it, the member shall be 
expelled, his assessment for the current year 
shall be returned to Ifirn, and he shall cease to be 
a member of the Society. 

Article VI 

Section 1. A quorum of the Council for the 
transaction of all business shall be three. 

Sec. 2. Any number of members present at the 
time appointed for the annual meeting of the 
Association, shall constitute a quorum. 

BY-LAWS 

1. A regular meeting of the Association shall 
be held annually at such time and place as the 
Council shall determine. 

2. Special meetings of the Association may be 
held at the discretion of the Council. 

3. These regular and special meetings shall be 
open to all members of the Association. 

4. A meeting of the Council shall be held shortly 
before each annual session of the Association. 


5. Hereafter each Councilor shall serve for 
a period of six years. Under this rule the service 
of one member and also that of the Secretary- 
Treasurer terminates at the meeting of 1936. At 
that meeting two members shall be elected to the 
Council, one of whom may serve as Secretary- 
Treasurer. Thereafter the period of service of 
these two members shall run concurrently; hence, 
two members must be elected to the Council every 
six years in order to maintain a membership of 
seven. 

6. Past Presidents are honorary members of the 
Council. 

7. The titles of all communications to be pre- 
sented before the Association shall be approved by 
the Council. 

8. Failure of an active member to offer a paper 
at least once in three years shall be equivalent to 
resignation. If in its judgment there is sufficient 
reason the Council may, in individual cases, sus- 
pend tins rule. 

9. The dues of the Association shall be fi.ved 
annually by the Council. 

10. Failure to pay dues for three successive 
years shall constitute annulment of membership. 

11. The constitution and by-laws may be 
amended by a two-thirds vote of the active mem- 
bers present at any regular meeting. 

12. No amendment shall be adopted at the 
meeting at which it is proposed. 

13. The Journal of Immunology, which is the 
property and official organ of this Association, 
shall be administered for the Association by an 
editorial staff to consist of an Editor-in-Chief and 
at least three Associate Editors, with the advice 
of a Board of Editors. 

14. The members of the editorial staff shall be 
elected or may be removed by a majority vote of 
the Council of the Association, 


ALPHABETICAL LIST OF ALL MEMBERS OF THE SIX SOCIETIES 


227 


ALPHABETICAL LIST OF ALL MEMBERS OF THE SIX SOCIETIES 

Tlio parenthesis following each listed name gives the Society afliiiation and year of election: 

(1) The American Physiological Society* 

(2) The American Society of Biological Chemists 

(3) The American Societ 3 ' for Pharmacology and Experimental Therapeutics 

(4) The American Societj’ for Experimental Pathology 

(5) The American Institute of Nutrition 

(G) The American Association of Immunologists 


HONORARY MEMBERS 

Castaneda, M. Ruiz, M.D . Investigaoiones Medi- 
cas. Hospital General, Mexico, D. F. Director, 
Department of Medical Research. (G, 1942) 
Chopra, R. N., M.A., M.D., Sc.D. (Cantab), 
F.R.G.P. (London) P.I.E. School of Tropical 
Medicine, Calcutta, India. Director; Professor 
of Pharmacology. (3, 193S) 

Dale, H. H. Medical Research Council, National 
Institute for IMedical Research, Hampstead, 
London, N.W. 3, England. Director, National 
Institute for Medical Research. (3, 1926) 
Flexner, Simon, M.D., Sc.D.(hon.), LL.D. 520 
E. 86th St., New York City. Emeritus Director, 
Rochefeller Institute for Medical Research. 
(G, 1920) 

Hektoen, Ludvig, M.D. 629 S. Wood St., Chicago, 
111. President, Chicago Tumor Institute. (6, 
1919) 

Hitchens, Arthur P., M.D. Medical School, 
University of Pennsylvania, Philadelphia. Pro- 
fessor of Public Health and Preventive Medicine; 
Lt. Col, M.C., U.S.A. (6, 1913) 

Houssay, Bernardo A., M.D. Facultad de Medi- 
cina, Universidad de Buenos Aires, Institute de 
Fisiologia, Buenos Aires, Argentina. Professor 
of Physiology and Director. (I, 1942) 

Huntoon, F. M., M.D. Woodbridge, Conn. (6, 
1918) 

Keller, Carl, M.D. 30 W. 58th St., New York 
City. (3, 1930) 

Lowei, Otto, AI.D. Now Y'ork University College 
of Medicine, 477 First Ave., New York City. 
Research Professor in Pharmacology. (3, 1941) 
McCoy, George Walter, M.D. Louisiana State 
University Medical School, New Orleans. 
Director, Department of Public Health. (G, 
1916) 

Novy, Frederick G., M.D., Sc.D., LL.D. 721 
Forest Ave., Ann Arbor, Mich. Dean Emeritus 
and Professor Emeritus of Bacteriology, Medical 
School, University of Michigan. (G, 1920) 


* Recommended by the Council of the American 
Physiological Society for election at the next an- 
nual meeting of the Society’. 


Rosenau, Milton J., M.D., A.M. Medical School, 
University of North Carolina, Chapel Hill. 
Director, School of Public Health; Professor of 
Epidemiology, Sehool of Public Health. (6, 
1918) 

Sherrington, Sir Charles S., O.M., Sc.D., M.D., 
F.R.S. “Broomside," Valley Road, Ipswich, 
England. Former Wayneflete Professor of Physi- 
ology, Oxford University; Former President of 
the Royal Society. (1, 1904) 

Sordelli, A. Institute of Bacteriology, Depart- 
ment of Public Health, Buenos Aires, Argentina. 
Director. (G, 1942) 

Straub, Walther, M.D. University of Munich, 
Germany. (3, 1927) 

MEMBERS 

Abramson, David Irwin, M.D. O’Reilly General 
Hospital, Springfield, Mass. Captain, Medical 
Corps. (1, 1937) 

Abramson, Harold A., M.D. 133 E. S8th St., 
New York City. Assistant Professor of Physi- 
ology, College of Physicians and Surgeons, 
Columbia University. (1, 1930; 2, 1934) 

Abreu, Benedict E., M.S., Ph.D. University of 
Georgia School of Medicine, Augusta. Associate 
Professor of Pharmacology. (3, 1941) 

Acheson, George H., M.D. Harvard Medical 
School, 25 Shattuck St., Boston, Mass. Instruc- 
tor in Physiology. (1, 1942) 

Adams, Mildred, M.A., Ph.D. Takamine Labora- 
tory, Clifton, N. J. Research Chemist. (2^ 
1934) 

Adams, R. Charles, M.D., C.M., M.S. (Anes- 
thesiology), Mayo Clinic, Rochester, Minn. 
Instructor in Anesthesia, Mayo Foundation, 
University of Minnesota. Member of Mayo 
Clinic Staff, Section on Anesthesia. (3, 1942) 
Adams, W. Lloyd, M.A., Ph.D. Albany hledical 
College, Albany, N. Y. Assistant Professor of 
Physiology and Pharmacology. (3, 1942) 

Addis, Thomas, M.D., M.R.C.P. Lane Hospital, 
San Francisco, Calif. Professor of Medicine, 
Stanford University. (I, 1922) 

Addison, William H. F., M.D. School of Medi- 
cine, University of Pennsylvania, Philadelphia. 
Professor of Histology and Embryology. (1, 
192S) 
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Adler, Harry F., M.S., Ph.D.* Northwestern Uni- 
versity Medical School, 303 E. Chicago Ave., 
Chicago, 111. Instructor in Physiology. (1, 1943) 

Adolph, Edward Frederick, Ph.D. School of 
Medicine and Dentistry, University of Roches- 
ter, Rochester, N. Y. Associate Professor of 
Physiology. (1, 1921) 

Adolph, William Henry, Ph.D. Yenching Uni- 
versity, Peiping, China. Professor of Biochem- 
istry. (5, 1934) 

Albritton, Errett C., M.D. George Washington 
University Medical School, 1339 H St., N.W., 
Washington, D. C. Professor of Physiology and 
Head of the Department of Physiology. (1, 1933) 

Allen, Charles Robert, Ph.D.* University of 
Texas, School of Medicine, Galveston. Assistant 
Professor of Department of Anesthesiology. (1, 
1943) 

Allen, Frank N., M.D. Lahey Clinic, 605 Com- 
monwealth Ave., Boston, Mass. Co-director of 
the Medical Department. (4, 1930) 

Allen, Frederick M., M.D. 1031 Fifth Ave., 
New York City. Professor of Medicine, Poly- 
clinic Medical School and Hospital. (1, 1924; 
4, prior to 1920) 

Allen, J. Garrott, M.D.* University of Chicago, 
University Clinics, Chicago, 111. Instructor in 
Surgery. (1, 1943) 

Allen, Lane, M.S., Ph.D., M.D. University of 
Georgia School of Medicine, University Place, 
Augusta. Associate Professor of Anatomy. 
(1, 1939) 

Allen, Willard M., M.D. Washington University 
School of Medicine, 630 S. Kingshighway Blvd., 
St. Louis, Mo. Professor of Obstetrics and 
Gynecology. (1, 1934) 

Allen, William F., Ph.D. University of Oregon 
Medical School, Portland, Professor of Anat- 
omy. (1, 1929) 

Alles, Gordon A., M.S., Ph.D. 770 S, Arroyo 
Parkway, Pasadena, Calif. Lecturer in Phar- 
macology, University of California Medical 
School, San Francisco, and Research Associate 
in Biology, California Institute of Technology, 
Pasadena. (1, 1932; 3, 1941) 

Almquist, Herman J., Ph.D. University of Cali- 
fornia, Division of Poultry Husbandry, Berkeley. 
Associate Professor of Poultry Husbandry. 
(2, 1937; 5, 1937) 

Alvarez, Walter C., M.D. Mayo Clinic, Roches- 
ter, Minn. Professor of Medicine, Mayo Foun- 
dation. (1, 1917; 3, 1921) 

Alving, Alf Sven, M.D. Billings Hospital, Uni- 
versity of Chicago, 950 E. 59th St., Chicago, 111. 
Associate Professor of Medicine. (1, 1939) 

Amberg, Samuel, M.D., F.A.A.P. Mayo Clinic, 
Rochester, Minn. Associate in Pediatrics, Mayo 
Clinic; Associate Professor of Pediatrics, Mayo 
Foundation (1, 1903 ; 2, 1906; 3, 1909) 


Amberson, William R., Ph.D. University of 
Maryland School of Medicine, Baltimore. Pro- 
fessor of Physiology. (1, 1924) 

Ambrose, Anthony M., M.S., Ph.D. Department of 
Pharmacology, Stanford University School of 
Medicine, San Francisco, Calif. Associate Phar- 
macologist, U. S. Department of Agriculture, 
Bureaic of Agricultural Chemistry and Engineer- 
ing. (3, 1937) 

Amoss, Harold L., M.D., M.S., D.P.H., Sc.D. 21 
Field Point Road, Greenwich, Conn. (4, 1922; G, 
1917) 

Andersch, Marie A., Ph.D. University Hospital, 
Baltimore, Md. Biochemist, University Hospital, 
Instructor in Medicine, University of Maryland. 
(2, 1940) 

Andersen, Dorothy H., M.D. Babies Hospital, 
Broadway and 167th St., New York City. 
Associate in Pathology, Columbia University. 
(4, 1935) 

Anderson, Evelyn M., M.A., M.D. University of 
California Hospital, San Francisco. Assistant 
Professor of Medicine. (1, 1934) 

Anderson, Hamilton H., M.S., M.D. 1405 Drake 
Ave., Burlingame, Calif. Professor of Pharma- 
cology, Peiping Union Medical College. (3, 


1931) 

Anderson, Oscar Daniel, Ph.D. Stimson Hall, 
Cornell University, Ithaca, N. Y. Assistant 
Professor of Physiology. (1, 1939) 

Anderson, Rudolph J., Ph.D. Sterling Labora- 
tory, Yale University, New Haven, Conn. 
Professor of Chemistry. (2, 1915) 

Anderson, W. A. D., M.A., M.D. St. Louis Uni- 
versity School of Medicine, St. Louis, Mo. 
Assistant Professor of Pathology. (4, 1941) 
Anderson, William E., M.A. Eastern State 
Farmers’ Exchange, Westbrook Farm, Rockville, 
Conn. Biochemist. (2, 1931; 5, 1933) 
Andervont, H. B., Sc.D. National Cancer Insti- 
tute, Bethesda, Md. Principal Biologist, V. S. 
Public Health Service, (4, 1939) 

Andrews, James C., Ph.D. University of North 
Carolina, Chapel Hill. Professor of Biological 
Chemistry. (2, 1925) 

Andrus, E. Cowles, M.D. Johns Hopkins Hospi- 
tal, Baltimore, Md. Assistant Visiting Physi- 
cian; Associate Professor of Medicine, Johns 
Hopkins University. (1, 1925) 

Angerer, Clifford, Ph.D.* Ohio State University, 
Columbus. Instructor in Physiology. (L 1943) 
Angevine, D. Murray, M.D. Alfred 
Institute, Wilmington, Del. Pathologist, isi 
ing Assistant Professor of Pathology, Unncrsity 


of Pennsylvania. (4, 1940) 

Angicr, Roswell Parker, Ph.D. % Los 
Perkins, Tucson, Ariz. Professor of Psychology, 
Yale University. (1, 1906) 



ALPHABETICAL LIST OF ALL MEMBERS OF THE SIX SOCIETIES 


229 


Ansbacher, Slefnn, M.S., D.Sc. Research Labora- 
tory, International Vitamin Corporation, S4-1S 
129th St., Richmond Hill, L. I., N. Y. Scientific 
Director. (2, 1039) 

Anson, Mortimer L., Ph.D. Continental Foods, 
Hoboken, N.J. Director of Biochemical Research. 
(2, 1937) 

Apperly, Frank L., M.A., D.Sc., M.D., F.R.C.P. 
Medical College of Virginia, Richmond. Profes- 
sor of Pathology. (4, 193G) 

Arkin, Aaron, M.A., M.D., Ph.D. Suite 2006, 
25 E. Washington. St., Chicago, 111. Associate 
Professor of Medicine, Rush Medical College, 
Unit), of Chicago; Professor and Chairman, 
Dept, of Medicine, Cook County Graduate School. 
(1, 1914; 3, 1919) 

Armstrong, W. D., M.S., M.D., Ph.D. Medical 
Sciences Bldg., University of Minnesota, Min- 
neapolis. Associate Professor of Physiological 
Chemistry. (2, 1938) 

Arnold, Lloyd, A.M., M.D. 1538 E. 57th St., 
Chicago, 111. (4, 1930; 6. 1925) 

Arnow, L. Earle, Ph.D., M.D. Medical Research 
Division, Sharp and Dohrae, Glenolden, Pa. 
Director of Biochemical Research. (2, 1940) 
Aronson, Joseph D., M.D. Hospital, Fort Bel- 
voir, Va. Associate Professor of Bacteriology, 
Phipps Institute, University of Pennsylvania; 
Major, M. C.,U.S. A. (4, 1927 ; 6, 1925) 
Ascham, Leah, Ph.D. Kansas State College, 
Manhattan. Associate Professor, School of 
Home Economics. (5, 1933) 

Ashby, Winifred M., Ph.D. 305 10th St., N.E., 
Washington, D. C. Senior Scientist, Federal 
Security Agency (St. Elisabeth’s Hospital). 
(6, 1923) 

Ashman, Richard, M.S., Ph.D. School of Medi- 
cine, Louisiana State University, New Orleans. 
Professor of Physiology. (I, 1925) 

Aslffood, Edwin Rennet, M.D., C.M., Ph.D. 
Harvard Medical School, 25 Shattuck St., Bos- 
ton, Mass. Assistant Professor of Pharmaco- 
therapy. (1, 1939) 

Anb, Joseph C., M.D. Collis P. Huntington 
Memorial Hospital, 695 Huntington Ave., 
Boston, Mass. Associate Professor of Medicine, 
Harvard Medical School. (1, 1919 ; 5, 1933) 

Auer, John, M.D. 1402 S. Grand Blvd., St. Louis, 
Mo. Professor of Pharmacology and Director 
of the Department, St. Louis University School 
of Medicine. (1, 1905; 3, 190S) 

Austin, J. Harold, M.D. 711 Maloney Clinic, 
36th and Spruce Sts., Philadelphia, Pa. Direc- 
tor, Pepper Laboratory. (2, 1922) 

Austin, Richard Sisson, M.D. Cincinnati General 
Hospital, University of Cincinnati, Cincinnati, 
0- Professor of Pathology. (4, 1927) 

Avery, O. T., M.D., Sc.D., LL.D. Hospital of 
the Rockefeller Institute, 6Gth St. and ^ ork 


Avc., N^w York City. Member Emeritus, 
Rockefeller Institute for Medical Research. 
(4, 1921; 6, 1920) 

Axtmayer, Joseph H., A.M., Ph.D. School of 
Tropical Medicine, San Juan, Porto Rico. 
Associate Professor of Chemistry. (5, 1935) 
Babkin, B. P., M.D., D.Sc., F.R.S.C. McGill 
University, Montreal, Canada. Professor of 
Physiology. (1, 1924) 

Bachem, Albert, Ph.D. College of Medicine, 
University of Illinois, 1853 W. Polk St., Chicago. 
Professor of Biophysics. (1, 1933) 

Bachman, Carl, M.D. Mobile Hospital No. 51, 
c/o Fleet P. 0., San Francisco, Calif. Lieut. 
Commander. (2, 1941) 

Bachmann, George, M.S., M.D., F.A.C.P. 1088 
Lullwater Road, Atlanta, Ga. Professor of 
Physiology, Emory University School of Medi- 
cine. (I, 1912) 

Baer, Erich, Ph.D. Banting Institute, 100 College 
St., Toronto, Canada. Assistant Research Pro- 
fessor of Organic Chemistry, University of 
Toronto. (2, 1942) 

Baernstein, Harry D., M.S., Ph.D. National 
Institute of Health, Bethesda, Md. Biochemist. 
(2, 1934) 

Baetjer, Anna M., D.Sc. Johns Hopkins School 
of Hygiene and Public Health, 615 N. Wolfe St., 
Baltimore, Md. Associate in Physiology. (1, 
1929) 

Bahrs, Alice M., M.A., Ph.D. The Martha Wash- 
ington Hotel, 10th and Montgomery Sts., Port- 
land, Ore. (I, 1933) 

Bailey, Cameron Vernon, M.D., C.M. 303 E. 
20th St., New York City. Clinical Professor of 
Medicine, New York Post-Graduate Medical 
School, Columbia University. (2, 1920 ; 5, 1933) 
Bailey, Orville T., M.D. Harvard University 
Medic.al School, 25 Shattuck St., Boston, Mass. 
Associate in Pathology; Associate Pathologist, 
Peter Bent Brigham Hospital. (4, 1939) 

Bailey, Percival, M.D., Ph.D. Univ'ersitj' of 
Illinois College of Medicine, 912 S. Wood St., 
Chicago. Professor of Neurology and Neuro- 
surgery. (1, 1941) 

Baitsell, George Alfred, A.M., Ph.D. Yale 
Station, New Haven, Conn. Professor of Biol- 
ogy, Fate University. (1, 1915) 

Baker, A. B., M.D. University of Minnesota 
Medical School, 126 Millard Hall, Alinncapolis. 
Associate Professor of N'europsychialry and 
Neuropathology. (4, 1940) 

Baker, Roger D., M.D. Duke Hospital, Durlmm, 
N. C. Associate Professor of Pathology, Duke 
University Medical School; Associate Patholo- 
gist, Duke Hospital. (4, 1939) 

Baldcs, Edward J., A.AI., Ph.D. Mayo Founda- 
tion, Rochester, Minn. Assistant Professor of 
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Physics, Mayo Foundation, Gradfiaie School, 
University of Minnesota. (1, 1930) 

Baldwin, Francis Marsh, A.M., Ph.D. University 
of Southern California, Los Angeles. Professor 
of Zoology and Director of Experimental Marine 
Biology. (1, 1919) 

Bale, William F., Ph.D.* University of Rochester, 
School of Medicine and Dentistry, Rochester, 
N. Y. Associate in Radiology. (1, 1943) 

Ball, Eric G., M.A., Ph.D. Harvard Medical 
School, Boston, Mass. Associate Professor of 
Biochemistry. (2, 1934) 

Ball, Howard A., M.D. San Diego County General 
Hospital, N. Front St., San Diego, Calif. Path- 
ologist, San Diego County General and Paradise 
Valley Hospitals. (4, 1937) 

Balls, Arnold Kent, Ph.D. Enzyme Research Lab- 
oratory, U. S. Bureau of Agricultural and In- 
dustrial Chemistry, Western Regional Research 
Laboratory, 800 Buchanan St., Albany 6, Calif. 
Head Chemist; Adjunct Professor, The George 
Washington University (on leave). (2, 1932) 
Banus, Mario Garcia, M.Sc., D.Sc. Tufts College 
Medical School, Boston, Mass. Associate Pro- 
fessor of Physiology. (1, 1927) 

Bard, Philip, A.M., Ph.D. Johns Hopkins Uni- 
versity School of Medicine, 710 N. Washington 
St., Baltimore, Md. Professor of Physiology. 
(1, 1929) 

Barkan, Georg, M.D., Dr. habil. 80 E. Concord 
St. , Boston, Mass. Former Professor of Pharma- 
cology and Director of the Pharmacological 
Institute, Univ. of Dorpat (Estonia); Assistant 
Professor of Biochemistry, Boston University 
School of Medicine. (3, 1939) 

Barker, S. B., Ph.D. University of Tennessee, 
Memphis. Instructor in Physiology. (1, 1938) 
Barlow, Orpheus W., M.D., Ph.D, Winthrop 
Chemical Co., 33 Riverside Ave., Rensselaer, 
N. Y. Director of Biologic and Research Labora- 
tories. (1, 1936) 

Barnes, B. 0., A.M., Ph.D. 2220 S. St. Paul, 
Denver, Colo. Professor of Health Education, 
University of Denver. (1, 1932) 

Barnes, LaVerne A., M.S., Ph.D. 7 Maple Ave., 
Bethesda, Md. Lieutenant, H-V(S), U.S.N.R. 
(Epidemiology and Sanitation Unit, National 
Naval Medical School). (6, 1931) 

Barnes, Richard Henry, Ph.D. Department of 
Physiology, University of Minnesota, Min- 
neapolis. Assistant Professor .of Physiological 
Chemistry. (2, 1941) 

Barnes, Thomas C., D.Sc. Hahnemann Medical 
College, Philadelphia, Penna. Associate Profes- 
sor of Physiology. (1, 1942) 

Barott, Herbert G.. E.E. U. S. Department of 
Agriculture, National Agricultural Research 
Center, Beltsville, Md. Biophysicist, Animal 
Nutrition Division, Bureau of Animal Industry. 
(5, 1938) 


Barrera, S. Eugene, M.D. Psychiatric Institute 
and Hospital, Columbia University, 722 W. 
168th St., New York City. Principal Research 
Psychiatrist and Assistant Professor of Psychi- 
atry. (1, 1937) 

Barron, Donald H., M.S., Ph.D., M.A. (Cam- 
bridge)* Yale University School of Medicine, 
New Haven, Conn. Associate Professor of Phys- 
iology. (1, 1943) 

Barron, E. S. Guzman, M.D. Department of 
Medicine, University of Chicago, Chicago, 111. 
Assistant Professor of Biochemistry. (2, 1931) 

Bartley, S. Howard, Ph.D. Dartmouth Eye 
Institute, Dartmouth College, Hanover, N. H. 
Assistant Professor of Research in Physiological 
optics. (1, 1935) 

Batchelder, Esther L., A.M., Ph.D. Rhode Island 
State College, School of Agriculture and Home 
Economics, Kingston. Head of Department of 
Home Economics. (5, 1933) 

Bates, Robert W., Ph.D. Difeo Laboratories, 
Inc., 920 Henry St., Detroit, Mich. Biochemist. 
(2, 1936) 

Batterman, Robert C., M.D. New York Univer- 
sity College of Medicine, 477 First Ave., New 
York City. Instructor in Therapeutics. (3, 
1941) 

Baudisch, Oskar, Ph.D. Saratoga Springs, N. Y. 
Director of Research, Saratoga Springs Author- 
ity, State of New York. (2, 1931) 

Bauer, Johannes H., M.D. Rockefeller Founda- 
tion, 49 W. 49th St., New York City, hlcmbcr 
of Staff, International Health Division of the 
Rockefeller Foundation. (4, 1935) 

Bauer, Walter, M.D. Massachusetts General 
Hospital, Boston. Associate Professor and Tu- 
tor in Medicine, Harvard Medical School. (E 
1929) 

Bauman, Louis, M.D. Presbyterian Hospital, 
New York City. Assistant Professor of Clinical 
Medicine, Columbia University. (2, 1912) 

Baumann, Carl A., M.S., Ph.D, Biochemist^ 
Building, University of Wisconsin, Madison 8. 
Associate Professor of Biochemistry. (2, 193S, 
5, 1938) 

Baumann, Emil J., Ph.D. 7 Church Lane, ^cars- 
dale, N. Y. Chemist, Montefiore Hospital. (2, 


J. Percy, M.S., Sc.D. Stanford 
Calif. Professor of Physiology. 


1922) 

aumberger. 

University, 

(1, 1921) 

ayne-Jones, Stanhope, M.D. Yale Umversi j, 
School of Medicine, New Haven, Conn, i ro- 
fessor of Bacteriology. (4, 1927; G, 1917) 
azett, Henry C., M.A., M.D., P-R-G-f- ' 
versity of Pennsylvania, School of i e ic i 
Philadelphia. Professor of Physiology. 

each^Eliot F., Ph.D. 660 Fredcnck St., Dotm.C 
Mich. Research Associate, Children s 
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Michigan Research Laboratory. (2, 1941; 5, 
1942) 

Bean, John Vi., M.S., Ph.D., M.D. University 
of Michigan, Ann Arbor. Associate Professor of 
Physiology. (1, 1932) 

Beard, Howard H., M.A., Ph.D. 1542 Tulane 
Ave., New Orleans, La. Professor of Bio- 
chemistry, Louisiana State University Medical 
Center. (2, 1928 ; 5, 1933) 

Beard, Joseph Vi., M.D. Duke Hospital, Durham, 
N. C. Associate Professor of Surgery. (4, 1938; 
6, 1940) 

Beazell, James Myler, Ph.D., M.D. Northwest- 
ern University hledical School, 303 E. Chicago 
Ave., Chicago, 111, Instructor in Physiology 
and Pharmacology. (1, 1939) 

Beck, Claude S., M.D. Lakeside Hospital, Cleve- 
land, 0. Professor of Neurosurgery, Western 
Reserve University; Associate Surgeon, Lakeside 
Hospital. (4, 1930) 

Beck, Lyle V., M.S., Ph.D. Hahnemann Medical 
College, 235 N. 15th St., Philadelphia, Pa. 
Instructor in Physiology. (1, 1941) 

Becker, Ernestine, M.A. Johns Hopkins Univer- 
sity, Baltimore, Md. Associate in Biochemistry, 
(5. 1938) 

Becker, E. Frederick, M.S., Ph.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, 111. Instructor in Anatomy. (1, 1941) 
Beckman, Harry, M.D. Marquette University 
School of Medicine, Milwaukee, Wis. Professor 
and Director of the Department of Pharmacology. 
(3, 1937) 

Beecher, Henry K., M.D . Massachusetts General 
Hospital, Boston. Dorr Professor of Research in 
Anaesthesia, Harvard Medical School; Anes- 
thelist-in-Chief, Massachusetts General Hospital. 
(3, 1940) 

Behre, Jeanette Allen, Ph.D. Department of 
Biochemistry, College of Physicians and Sur- 
geons, 630 Vi. 168th St., New' York City. Associ- 
ate. (2, 1925) , 

Belding, David L., M.D. Boston University 
School of Medicine, Boston, Mass. Professor of 
• Bacteriology and Experimental Pathology. {4, 
1927) 

Bell, E. T., M.D. 110 Anatomy Bldg., University 
of Minnesota, Minneapolis. Professor of Path- 
ology. (4,1931) 

Benedict, Francis Gano, Ph.D., Sc.D., M.D. 
Machiasport, Me. Former Director of the Nntri- 
(lon Laboratory of the Carnegie Institution of 
Washington; Member of the National Academy 
of Sciences. (1, 1904 ; 2, 1906) 

Bennett, A. Lawrence, Ph.D., M.D. College of 
Medicine, University of Nebraska, Omaha. 
Professor of Physiology and Pharmacology. 
(1. 1941) 

BennctI, Granville A., M.D. Tulane University 
of Louisiana School of Medicine, 1430 Tulane 


Ave., New Orleans. Professor of Pathology and 
Bacteriology, (4, 1931) 

Bennett, Mary Adelia, M.A., Ph.D. Lankenau 
Hospital Research Institute, Philadelphia, Pa. 
Research Biochemist. (Z, 1941) 

Benson, Clara C., Ph.D. 157 Bloor St., W., 
Toronto, Canada. Professor of Food Chemistry, 
University of Toronto. (2, 1906) 

Berg, Benjamin N., M.D. 630 W. 16Sth St., 
New York City. Associate in Pathology, 
Columbia University, College of Physicians and 
Surgeons. (4, 1928) 

Berg, Clarence P., M.A., Ph.D. Chemistry De- 
partment, State University of Iowa, low’a City. 
Associate Professor of Biochemistry. (2, 1933; 
5. 1936) 

Berg, William N., Ph.D. 225 W. 106th St., New 
York City. Biochemist. (2, 1906) 

Bergeim, Olaf, M.S., Ph.D. 1S53 W. Polk St., 
Chicago, 111. Associate Professor of Physiologi- 
cal Chemistry, University of Illinois College of 
Medicine. (1. 1916; 2, 1914) 

Bergmann, Max, Ph.D. Rockefeller Institute 
for Medical Research, 66th St. and York Ave., 
New York City'. Member. (2, 1934) 

Bergmann, Werner, Ph.D. Sterling Chemistry 
Building, Yale University, New Haven, Conn. 
Assistant Professor. (2, 1934) 

Berkson, Joseph, M.A., M.D., D.Sc. Mayo 
Clinic, Rochester, Minn. Associate Professor, 
Biometry and Medical Statistics, Mayo Founda- 
tion, University of Minnesota. (1, 1933) 
Bernheim, Frederick, Ph.D. Bo.x 3109, Duke 
Medical School, Durham, N. C. Associate 
Professor of Physiology and Pharmacology. 
(2, 1933; 3, 1935) 

Bernthal, Theodore G„ M.S., M.D. Vanderbilt 
University School of Medicine, Nashville, Tenn. 
Associate Professor of Physiology. (1, 1932) 
Berry, George Packer, M.D. University of 
Rochester, Rochester, N. Y. Assistant Dean; 
Professor of Bacteriology; Associate Professor of 
Medicine. (4, 1938 ; 6, 1934) 

Bessey, Otto A., Ph.D. Public Health Research 
Institute of the City of New York, Inc., Park 
Labj'., foot of E. I5th St. Chief, Division of Nu- 
trition and Physiology. (2, 1938; 5, 1943) 

Best, Charles Herbert, M.A., M.D., D.Sc. (Lon- 
don), D.Sc. (Chicago), F.R.S. University of 
Toronto, Toronto, Ont., Canada. Director, 
Banting and Best Department of Medical Re- 
search and Department of Physiology. (1, 1923; 
2, 1923) 

Bethell, Frank H., M.D. 409 Lenawee Drive, 
Ann Arbor, Mich. Assistant Professor of Inter- 
nal Medicine and Assistant Director of the 
Thomas Henry Simpson Memorial Institute. 
( 4 , 1936) 
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Bethke, Roland M., M.S., Ph.D. Ohio Agricul- 
tural Experiment Station, Wooster. In Charge 
of Nutritional Investigations. (2, 1928; 5, 1933) 

Beutner, R., M.D., Ph.D. 235 N. 15th St., 
Philadelphia, Pa. Professor and Head of De~ 
'partment of Pharmacology, Hahnemann Medical 
College. (1, 1924; 3, 1924) 

Beyer, Karl H., Jr., Ph.M., Ph.D. Medical Re- 
search Division, Sharp & Dohme, Inc., Glen- 
olden, Pa. (1, 1942) 

Bieter, Raymond N., M.D., Ph.D. University of 
Minnesota, Minneapolis. Professor of Phar- 
macology. (3, 1930)- 

Bills, Charles E., M.A., Ph.D. Mead Johnson & 
Co., Evansville, Ind. Director of Research. (2, 
1928; 5, 1935) 

Bing, Franklin C., Ph.D. 1135 Fullerton Ave., 
Chicago, 111. Director, American Institute of 
Baking; Assistant Professor of Physiology, 
Northwestern University Medical School. (2, 
1931; 5, 1934) 

Bing, Richard J., M.D. The Johns Hopkins Hos- 
pital, Dept, of Medicine, Baltimore, Md. In- 
structor in Medicine, Associate Physician to the 
Johns Hopkins Hospital. (1, 1942) 

Binger, Carl A., M.D. 125 E. 73rd St., New York 
City. Assistant Professor of Clinical Medicine 
(^Psychiatry) , Cornell University Medical College. 
(1, 1927) 

Binkley, Stephen Bennett, M.S., Ph.D. Research 
Department, Parke, Davis & Co., Detroit, 
Mich. (2, 1941) 

Bisbey, Bertha, A.M., Ph.D. Gwynn Hall, 
University of Missouri, Columbia. Professor of 
Home Economics. (5, 1933) 

Bischoff, Fritz E., M.S., Ph.D. Cottage Hospital, 
Santa Barbara, Calif. Director of Research. 
(2, 1928; 5, 1933) 

■ p, George H., Ph.D. Washington Univer- 
V Medical School, Euclid and Kingshighway, 

„ .. Louis, Mo. Professor of Bio-Physics. (1, 

1923) 

Black, Edgar C., Ph.D.* Banting Institute, Uni- 
versity of Toronto, Toronto, Ontario, Canada. 
(1, 1943) 

Blair, Edgar A., M.S., Ph.D. U. S. Array, 936 
A.B.S. Bn., Camp Rucker, Ala. Lt. Col. (1, 1936) 

Blair, Henry. A., M.Sc., Ph.D. University of 
Rochester School of Medicine and Dentistry, 
Rochester, N. Y. Associate Professor of Physi- 
ology. (1, 1934) 

Blake, Francis G., M.D., M.A. (hon.), Sc.D. 
Yale University School of Medicine, New Haven, 
Conn. Dean and Sterling Professor of Medicine. 
(4, prior to 1920; 6, 1921) 

Blankenhorn, M. A., M.D. University of Cin- 
cinnati, Cincinnati, 0. Professor of Medicine. 
(4, 1932) 


Blatherwick, Norman R., M.S., Ph.D., Sc.D. 
Metropolitan Life Ins. Co., 1 Madison Ave., 
New York City. Director of Biochemical 
Laboratory. (1, 1915; 2, 1915; 5, 1934) 

Blau, Nathan F., Ph.D. 1300 York Ave., New 
York City. (2, 1928) 

Bliss, Eleanor A., Sc.D. Department of Preven- 
tive Medicine, Johns Hopkins Hospital, 615 
N. Wolfe St., Baltimore, Md. Associate in 
Preventive Medicine, Johns Hopkins University, 
School of Medicine. (6, 1931) 

Bliss, Sidney, Ph.D. Tulane University, New 
Orleans, La. Professor of Biochemistry, School 
of Medicine. (2, 1928) 

Block, Richard J., Ph.D. 15 Cooper Rd., Scarsdale, 
N. Y. Director of Research, C. M. Armstrong 
Co.; Associate, Department of Physiology and 
Biochemistry, New York Medical College, Flower 
and Fifth Avenue Hospital. (2, 1934; 5, 1933) 
Block, Walter D., M.S., Ph.D. University Hos- 
pital, Ann Arbor, Mich. Instructor in Biologi- 
cal Chemistry, Rackham Arthritis Research 
Unit. (2, 1942) 

Bloom, William, M.D. 1419 E. 56th St., Chicago, 
111. Professor of Anatomy, University of Chi- 
cago. (4, 1930) 

Bloomfield, A. L., M.D. Stanford University 
Hospital, San Francisco, Calif. Professor of 
Medicine. (3, 1927; 4, 1927) 

Bloor, W. R., A.M., Ph.D. School of Medicine 
and Dentistry, University of Rochester, Roch- 
ester, N. Y. Professor of Biochemistry. (1, 
1915; 2, 1910) 

Blum, Harold F., Ph.D. Naval Medical Research 
Institute, National Naval Medical Center, 
Bethesda,Md. Principal Biologist (Biophysics). 
(1, 1928) 

Blumberg, Harold, D.Sc. The Johns Hopkins 
University, Baltimore, Md. Research Bio- 
chemist. (5, 1942) 

Blumenstock, Julius, M.D. Station Hospital, 
Fort Baker, Calif. Captain, Medical Corps. 
(1, 1925) 

Blumgart, Herrmann L., M.D. Beth Israel Hos- 
pital, 330 Brookline Ave., Boston, Mass. Asso- 
ciate Professor of Medicine, Harvard Medical 
School; Lt. Col., M.C., Hdglrs., 2nd Service 
Command, Governor’s Island, N. Y. (1,1927) 
Blunt, Katharine, Ph.D., LL.D. 38 Glenwood 
Ave., New London, Conn. President, Retired, 
Connecticut College for Women. (2, 1921) 

Bock, Joseph C., Ch.E., Ph.D. 561 N. loth St., 
Milwaukee, Wis. Professor, of Biochemistry, 
Marquette University Medical School. (2, 1916) 
Bodansky, Aaron, Ph.D. Hospital for Joint Dis- 
eases, 1919 Madison Ave., New York City. 
Biological Chemist. (2, 1926) 

Bodansky, Oscar, M.D., Ph.D. Medical Research 
Laboratorj^, Edgewood Arsenal, Md. Captain, 
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Medical Corps; Chief, Biochemistry Section, 
Medical Research Laboratory, Chemical Warfare 
Service. (2, 1937; 3, 1942) 

Bodine, Joseph Hall, Ph.D. State University of 
Iowa, Iowa City. Professor and Head of De- 
partment of Zoology. (1, 1925) 

De Bodo, Richard C., M.D. 477 First Ave., New 
York City. Associate Professor of Pharmacol- 
ogy, New York University College of Medicine. 
(1, 1932; 3, 1931) 

Boell, Edgar J., Pli.D. Osborn Zoological Labora- 
tory, Yale University, New Haven, Conn. 
Associate Professor of Biology. (1, 1942) 

Bogerf, L. Jean, Ph.D. Hotel Claremont, Berkeley, 
Calif. (2, 1917) 

Bogert, Marston Taylor, Sc.D., LL.D., R.N.D. 
Columbia University, New York 27, N. Y. Pro- 
fessor Emeritus of Organic Chemistry; Member, 
National Academy of Sciences. (2, 1925) 

Bolliger, Adolph, Ph.D. Gordon Craig Research 
Laboratories, University of Sydney, Sydney, 
Australia. Director of Research. (2, 1928) 
Bollman, J. L., M.D. Mayo Clinic, Rochester, 
Minn. Associate in Division of Experimental 
Surgery and Pathology, Mayo Clinic; Professor 
of Physiology, Mayo Foundation, University of 
Minnesota. (4, 1927) 

Bond, Glenn C., Ph.D., M.D. The Upjohn Co., 
Research Laboratories, Kalamazoo, Mich. (6, 
1939) 

Booher, Lela E., Ph.D. General Mills, Inc., Min- 
neapolis, Minn. Chief Nutritionist. (2, 1933; 
5, 1933) 

Bookman, Samuel, M.A., Ph.D. C24 Madison 
Ave., New York City. Consulting Chemist, Ml. 
Sinai Hospital. (2, 1912) 

Boor, Alden K., M.S., Ph.D. Department of Medi- 
cine, University of Chicago, Chicago, 111. Assist- 
ant Professor of Biochemistry. (2, 1931) 

Boolhby, W. M., M.D,, M.A., F.A.C.S. Metab- 
olism Laboratory, The Mayo Clinic, Rochester, 
Minn. Chief of Section of Clinical Metabolism 
in Division of Medicine, Mayo Clinic; Professor 
of Experimental Metabolism, Mayo Foundation, 
University of Minnesota; Chairman, Mayo 
Aero-Medical Unit. (I, 1915; 2, 1920; 3, 1923; 

4, 1924) 

Bordlcy, James, III, M.D. Johns Hopkins Hos- 
pital, Baltimore, Md. Associate Professor of 
Medicine, Johns Hopkins University. (1, 193S) 
Borsook, Henry, M.D., Ph.D. California Insti- 
tute of Technology, Pasadena 4. Professor of 
Biochemistry. (2, 1931) 

Bosworth, Alfred IVillson, A.M., M.D. R. D. 4, 
Circlcville, O, Consulting Chemist. (2. 1936; 

5, 1935) 

Boll, Phyllis A., M.S., Ph.D. Woman’s Medical 
College of Pennsylvania, East Falls, Philadel- 


phia. Associate Professor of Physiological 
Chemistry. (2, 1938) 

Bouman, H. D., M.D.* University of Rochester, 
School of Medicine and Dentistry, Rochester, 
N. Y. Assistant Professor of Psychology; Re- 
search Fellow in Orthopedic Surgery. (1, 1943) 
Bourne, Wesley, M.D., C.M., M.Se., F.R.C.P., 
D.A. (R.C.P. & S., Eng.). McGill University, 
Montreal, Canada. Lecturer in Anesthetics, 
Dept, of Pharmacology and Therapeutics. (3, 
1936) 

Bourquin, Helen, M.S., Ph.D. 923 N. Nevada 
Ave., Colorado Springs, Colo. (1, 1925) 

Boyd, Eldon M., M.A., M.D., C.M. Queen’s 
University, Kingston, Ontario, Canada. Pro- 
fessor find Head of the Department of Phar- 
macology. (3, 1941) 

Boyd, T. E., Ph.D. 708 S. Lincoln. St., Chicago, 
HI. Professor of Physiology, Loyola University, 
School of Medicine. (1, 1924) 

Boyd, William C., A.M., Ph.D. Boston Univer- 
sity School of Medicine, 80 E. Concord St., 
Boston, Mass. Associate Professor of Bio- 
chemistry. (2,1940 : 6,1933) 

Boyden, Edward A., A.M., Ph.D. Uiliversity of 
Minnesota, Minneapolis. Professor of Anatomy. 
(I, 1929) 

Boyle, Paul E., D.M.D. 25 Shattuck St., Boston, 
Mass. Assistant Professor of Oral Pathology 
and Clinical Dentistry, Harvard School of Dental 
Medicine. (4, 1939) 

Bozler, Emil, Ph.D. Ohio State University, 
Columbus. Assistant Professor of Physiology. 
(1, 1932) 

Bradbury, James T., M.S.> Sc.D. Bureau of 
Dairy Industry, U. S. Department of Agricul- 
ture, Beltsville, Md. Endocrinologist. (1, 
1941) 

Bradley, Harold C., Ph.D. Memorial Institute 
Bldg., Madison, Wis. Professor of Physiological 
Chemistry, University of Wisconsin. (1, 1911; 
2, 1908) 

Bradley, B'illiam B., Ph.D. 3646 Lafayette Ave., 
Omaha, Neb. (1, 1939) 

Branch, Charles F., hl.D, Boston University 
School of Medicine, 80 E. Concord St., Boston, 
Mass. Professor of Pathology. (4, 1940) 
Branch, E. Arnold G., M.D. Bureau of Laborato- 
ries, General Hospital, St. John, N. B. Director; 
Acting Director, Bureau of Laboratories, New 
Brunswick Department of Health. (4, 1929) 
Brand, Erwin, Ph.D. 630 IV. 16Sth St., New 
York City. Associate Professor of Biological 
Chemistry, Columbia University. (2, 1929) 
Brandes, I\’. B’., M.D. Roosevelt Hospital, W. 

59th St., Now York City. (4, 1931) 

Branham, Sara E.,'Ph.D., M.D., Sc.D. National 
Institute of Health, 25th and E Sts., N.W., 
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Washington, D. C. Senior Bacteriologist. (6, 
1926) 

Branion, Hugh Douglas, M.A., Ph.D. 50 James 
St., Guelph, Canada. (5, 1933) 

Brassfield, Charles R., Ph.D. University of 
Michigan, Ann Arbor. Assistant Professor of 
Physiology. (1, 1937) 

Bratton, Andrew Calvin, Jr., M.A., Ph.D. Johns 
Hopkins School of Medicine, Baltimore, Md. 
Associate in Pharmacology. (3, 1941) 

Braun, Herbert A., Ph.D. Food & Drug Adminis- 
tration, Federal Security Agency, Washington, 
D. C. Associate Pharmacologist. (3, 1941) 
Brewer, George, M.D. University of Pennsyl- 
vania, School of Medicine, Philadelphia. Assist- 
ant Professor of Physiology. (1, 1937)i 
Bridge, Edward M., M.D. Johns Hopkins Hos- 
pital, Baltimore, Md. Associate in Pediatrics, 
Johns Hopkins University. (2, 1940) 

Briggs, A. P., M.D. University of Georgia, 
Augusta. Associate Professor in Biochemistry 
and Medicine. A2, 1923) 

Brink, Frank, Jr., Ph.D. Johnson Research 
Foundation, University of Pennsylvania, Phila- 
delphia. ' Fellow in Medical Physics, Johnson 
Research Foundation; Lecturer in Biophysics, 
Graduate School, University of Pennsylvania. 
(1, 1942) 

Brinkhous, K. M., M.D. State University of 
Iowa, Department of Pathology, Medical Labora- 
tories Building, Iowa City. Assistant Professor 
of Pathology. (4,1939) 

Britton, Sydney W., M.D. University of Vir- 
ginia School of Medicine, University. Professor 
of Physiology. (1, 1925) 

Brobeck, John R., M.D., Ph.D.* Yale University 
School of Medicine, New Haven, Conn. Instruc- 
tor, Laboratory of Physiology. (1, 1943) 

Brodle, Bernard B., Ph.D. New York University 
Research Service, Welfare Hospital, Welfare 
Island, New York City. Research Assistant in 
Biochemistry and Instructor in Medicine. (2, 
1940) 

Brody, Samuel, M.A., Ph.D. Dairy Building, 
University of Missouri, Columbia. Associate 
Professor, College of Agriculture and Agricul- 
tural Experiment Station. (2, 1929; 5, 1933) 
Bronfenbrenner, J. J., Ph.D., D.P.H. Wash- 
ington University School of Medicine, St. Louis, 
Mo. Professor of Bacteriology and Immunology. 
(4, 1940; G, 1918) 

Bronk, Detlev W., M.S., Ph.D., Sc.D. The El- 
dridge Reeves Johnson Foundation for Medical 
Physics, University of Pennsylvania, Philadel- 
phiar Johnson Professor of Biophysics and 
Director, Johnson Foundation; Member National 
Academy of Sciences. (1, 1927) 

Brookes, Margaret C. Hesslcr, A.M., Ph.D. 
University of Chicago, Chicago, 111. Assistant 


Professor, Department of Home Economies. 
(5, 1935) 

Brooks, Chandler McCuskey, M.A., Ph.D. Johns 
Hopkins University School of Medicine, Balti- 
more, Md. Associate Professor of Physiology. 
(1, 1934) 

Brooks, Clyde, Ph.D., M.D., LL.D. Louisiana 
State Univ. Medical Center, New Orleans. 
Professor of Physiology and Pharmacology. 
(1, 1910; 3, 1912) 

Brooks, Matilda Moldenhauer, M.S., Ph.D. 
Department of Zoology, University of Cali- 
fornia, Berkeley. Research Associate in 
Biology. (1, 1923) 

Brooks, Sumner Cushing, Ph.D. University of 
California, Berkeley. Professor of Zoology. 
(1, 1923) 

Broun, Goronwy Owen, M.D. 1325 S. Grand 
Blvd., St. Louis, Mo. Professor of Internal 
Medicine, St. Louis University. (4, 1927) 
Brown, Aaron, M.D. 39 West 55th St., New York 
City. Assistant Clinical Professor of Medicine, 
New York University College 'of Medicine. 
(G, 1923) 

Brown, Claude P., M.D. 1930 Chestnut St., 
Philadelphia, Pa. Assistant Director, Pennsyl- 
vania State Board of Health Laboratories. 
(G, 1913) 

Brown, Dugald E. S., M..4., Ph.D. New York 
University College of Dentistry, 209 E. 23rd St., 
New York City. Professor of Physiology. 
(1, 1932) 

Brown, Edgar D., Pharm.D., M.D. Paynesville, 
Minn. Associate Professor of Pharmacology 
Emeritus. (1, 1907 ; 3, 1909) 

Brown, Frank A., Jr., M.A., Ph.D. Zoological 
Laboratories, Northwestern University, Evan- 
ston, 111. Associate Professor of Zoology. 
(1, 1940) 

Brown, John B., M.S., Ph.D. Ohio State Uni- 
versity, Columbus. Professor of Physiological 
Chemistry. (2, 1927 ; 5, 1934) 

Brown, Rachel, M.S., Ph.D. 26 Buckingham 
Drive, Albany, N. Y. Senior Biocheimst, 
Division of Laboratories and Research, New York 
State Department of Health. (G, 1933) 

Browne, J. S. L., M.D., Ph.D., F.R.S.C. Univer- 
sity Clinic, Royal Victoria Hospital, Montreal, 
Canada. Assistant Professor of Medicine, Mc- 
Gill University. (1, 1934) 

Brownell, Katharine A., M.A., Ph.D.* Department 
of Physiology, Ohio State University, Columbus. 
Research Associate. (1,- 1943) 

Brues, Austin M., M.D. G95 Huntington Aye., 
Boston, Mass. Assistant Professor of Medicine, 
Harvard Medical School; Assistant Physician, 
Mass. General Hospital. (1, 1940) 

Bruger, Maurice, M.D., C.M., M.Sc. 301 E. 
20th St., New York 3, N. Y. Associate Clinical 
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Professor of Medicine, New York Post-Graduate 
Medical School of Columbia University; Chief, 
Division of Pathological Chemistry, New York 
Post-Graduate Hospital. (2, 1935; 5, 1935) 
Bruhn, John M., Ph.D. University of Alabama 
School of Medicine, University. Associate 
Professor of Physiology and Pharmacology. 
(1, 1939) 

Brunschwig, Alexander, M.D. University of 
Chicago, Chicago, 111. Professor of Surgery. 
(4, 1937) 

Bryan, W. Ray, Ph.D. 5516 Johnson Ave., 
Bethesda, Md. Biologist, National Cancer 
Institute. (I, 1934; 4, 1940) 

Buchanan, J. William, Ph.D. Northwestern 
University, Evanston, 111. Professor of Zoology. 
{1, 1927) 

Buchbinder, Leon, Ph.D. Department of Health, 
125 Worth St., New York City. (6, 1934) 
Buchbinder, William C.. M.S., M.D. 104 S. 
Michigan Ave., Chicago, 111. Assistant Pro- 
fessor of Medicine, Northwestern University 
Medical School; Associate in Medicine, Michael 
Reese Hospital. (1, 1940) 

Buckner, G. Davis, Ph.D. Kentucky Agricul- 
tural Experiment Station, Lexington. In 
Charge of Animal Nutrition. (2, 1920) 

Bucy, Paul C., M.S., M.D. 25 E. Washington St., 
Chicago, 111. Associate Professor of Neurology 
and Neurological Surgery, University of Illinois. 
(I, 1933) 

Buddingh, G. John, M.D. Vanderbilt University 
School of Medicine, Nashville, Tenn. Associate 
Professor of Bacteriology. (4, 1940) 

Buell, Mary Van Rensselaer, Ph.D. Johns Hop- 
kins Hospital, Baltimore, Md. Associate in 
Medicine. (2, 1921) 

Bugbee, Edwin P., M.D. Lankenau Hospital, 
Philadelphia, Pa. Assistant Roentgenologist. 
(1, 192S) 

Bugher, John C., M.D. Apartado 250S, Bogota, 
Columbia, South America. (4, 1935) 

Bulatao, Emilio, M.D. University of the Philip- 
pines, Manila, P.I. Professor of Physiology. 
(1, 1924) 

Bulger, Harold A., Ph.D., M.D. Barnes Hospital, 
COO S. Kingshighway, St. Louis, Mo. Assistant 
Professor of Medicine, Washington University. 
(5, 1933) 

Bull, Henry B., Ph.D. Northwestern University' 
Medical School, 303 E. Chicago Ave., Chicago, 
III. Associate Professor, Department of Chem- 
istry. (2, 1937) 

Bundc, Carl A., M.A., Ph.D.* Southwestern Medi- 
cal Foundation, Dallas, Texas. Associate Profes- 
sor of Physiology and Pharmaeology. (1, 1943) 
Bunney, William E., Ph.D. E. R. Squibb & Sons, 
New Brunswick, N. J. Director of Biologic 
Products Production. (6, 1931) 


Bunting, Charles H., M.D. Service Memorial 
Institute, Madison, Wis. Professor of Path- 
ology, University of Wisconsin. (4, prior to 
1920) 

Bunzell, H. H., Ph.D. Box 44, General Post 
Office, New York 1, N. Y. Director, Bunzell 
Laboratories. (2, 1908) 

Burchell, Howard B., M.D., Ph.D. Mayo Clinic, 
- Rochester, Minn. Instructor in Medicine, Mayo 
Foundation, Graduate School, University of 
Minnesota; Consultant in Medicine, Mayo Clinic, 
Rochester, Minn. (1, 1942) 

Burdick, H. O., M.A., Sc.D. (hon.). Alfred Uni- 
versity, Alfred, N. Y. Professor of Biology. 
(1, 1940) 

Burdon, Kenneth L., Sc.M., Ph.D. Louisiana 
State University Medical Center, New Orleans. 
Assistant Professor of Immunology and Bac- 
teriology; Consultant, United States Public 
Health Service. (6, 1936) 

Burge, W. E., A.M., Ph.D. University' of Illinois, 
Urbana. Associate Professor of Physiology. 
(1. 1911) 

Burk, Dean, Ph.D. National Cancer Institute, 
U. S. Public Health Service, Bethesda, Md. 
Senior Chemist. (2, 1939) 

Burky, Earl L., M.S., M.D. Johns Hopkins Hos- 
pital, Baltimore, Md. Associate Professor of 
Ophthalmology, Wilmer Institute of Ophthal- 
mology, Johns Hopkins University. (6, 1931) 
Burnett, Theo. C., M.D. Box 216, Carmel, Calif. 
Associate Professor of Physiology Emeritus, 
University of California. (1, 1911) 

Burns, Edward L., M.D. Louisiana State Uni- 
versity, School of Medicine, New Orleans. 
Associate Professor of Pathology and Bacteriol- 
ogy.. (4, 1939) 

Burr, George O., M.A., Ph.D., LL.D. University 
of Minnesota, Minneapolis. Director Division 
of Physiological Chemistry. (2, 192S; 5, 1933) 
Burrows, Montrose T., M.D. 201 N. El Molino 
Ave., Pasadena, Calif. (4, prior to 1920) 
Burton, Alan C,, Ph.D. Banting Institute, To- 
ronto, Canada. (1, 1937) 

Burton-Opitz, Russell, M.S., M.D., Ph.D. 218 
Bridle Way, Palisade, N. J. Attending Cardiol- 
ogist, Lenox Hill Hospital; Attending Physician, 
Cumberland Hospital; Constdling Cardiologist, 
Engelwood, A^orth Hudson, Holy Name and 
Hackensack Hospitals. (1, 1902; 2, 1906; 3, 
1919) 

Bush, Milton T., Ph.D. Vanderbilt. University' 
School of Medicine, Nashville, Tenn. Research 
Associate in Pharmacology. (3, 193S) 

Butler, Thomas C., M.D. Vanderbilt University' 
School of Medicine, Nashville, Tenn. Assistant 
Professor of Pharmacology. (3, 193S) 

Butt, Hugh R., M.D. U. S. Naval Hospital, 
Corona, Calif. (3, 1942) 
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Butts, Joseph S., M.S., Ph.D. A.P.O. 633, % 
Postmaster New York City. Major, 8th Air 
Force Hq., Medical. (2, 1936; 5, 1936) 

Butz, Eleanore \V. J., Ph.D. Beltsviile, Md. Col- 
laborator, Div. Animal Husbandry, U. S. D. A., 
Beltsviile Research Center. (6, 1935) 

Cahill, William M., Ph.D. Wayne University 
College of Medicine, Detroit, Mich. Assistant 
Professor of Physiological Chemistry. (2, 1940) 
Cajori, Florian A. Ph.D. 407 N. Wayne Ave., 
Wayne, Pa. Major, Sanitary Corps, U. S. 
Army; Assistant Professor of Physiological 
Chemistry, University of Pennsylvania Medical 
School. (2, 1922; 5, 1933) 

Caldwell, Mary L., A.M., Ph.D. Department of 
Chemistry, Columbia University, New York 
City. Associate Professor of Chemistry. (2, 1924; 
5, 1933) 

Calvery, Herbert O., M.S., Ph.D. Food and Drug 
Administration, Federal Security Agency, Wash- 
ington 25, D. C. Chief, Division of Pharmacol- 
ogy. (2, 1928; 3, 1939) 

Calvin, D. Bailey, M.A., Ph.D. School of Medi- 
cine, University of Texas, Galveston. Asso- 
ciate Professor of Biological Chemistry. (1, 
1934; 2, 1939) 

Cameron, A. T., M.A., D.Sc., F.I.C., F.R.S.C. 
Medical College, Winnipeg, Manitoba, Canada. 
Professor of Biochemistry, Faculty of Medicine, 
University of Manitoba; Biochemist, Winnipeg 
General Hospital. (1, 1914; 2, 1914) 

Camp, Walter J. R., M.D., Ph.D. 1853 Polk St., 
Chicago, 111. Professor of Pharmacology and 
Therapeidics, University of Illinois. (3, 1926) 
Campbell, Dan H., M.S., Ph.D. Department of 
Chemistry, California Institute of Technology, 
Pasadena, Calif. Assistant Professor of Immun- 
ochemistry. (6, 1938) 

Campbell, H. Louise, Ph.D. 435 W. 119th St., 
Apt. 9-r, New York City. Research Assistant 
in Food Chemistry, Columbia University. (5, 
1933) 

Campbell, James, M.A., Ph.D.* University of 
Toronto, Toronto, Ontario, Canada. Assistant 
Professor of Physiology. Lieutenant Commander, 
{S.B.) R.C.N.V.R. (1, 1943) 

Campbell, Walter Ruggles, M.A., M.D., F.R.C.P. 
(C), F.R.S.C. 69 Madison Ave,, Toronto, Can- 
ada. Assistant Professor of Medicine and Clinical 
Medicine, University of Toronto; Assistant 
Physician, Toronto General Hospital. (2, 1922) 
Cannan, R.' Keith, D.Sc. 477 First Ave., New 
York City. Professor of Chemistry, Ncio York 
University College of Medicine. (2, 1931) 
Cannon, Paul R., M.D., Ph.D. University of 
Chicago, Chicago, 111. Professor of Pathology. 
(4, 1930; 6, 1929) 

Cannon, Walter B., A.M., M.D., Sc.D., LL.D. 
Harvard ^ledical School, Boston, Mass. George 


Higginson Professor of Physiology, Harvard 
University; Member of the National Academy oj 
Sciences. (1, 1900) 

Cantarow, Abraham, M.D, Jefferson Medical 
College, Philadelphia, Pa. Associate Professor 
of Medicine; Biochemist to the Jefferson Hospital. 
(1, 1932; 3, 1935) 

Canzanelli, Attilio, M.D. Tufts College Medical 
School, 416 Huntington Ave., Boston, Mass. 
Associate Professor in the Department of 
Physiology. (1, 1934) 

Carlson, A. J., A.M., Ph.D., M.D., LL.D. Hull 
Physiological Laboratory, University of Chicago, 
Chicago, 111. Professor of Physiology Emeritus; 
Member of the National Academy of Sciences. 
(1, 1904; 5, 1933) 

. Carmichael, Emmett B., Ph.D. School of Medi- 
cine, University of Alabama, University. Pro- 
fessor of Physiological Chemistry. (1, 1931) 
Carmichael, Leonard, Ph.D., Sc.D., Litt.D., 
LL.D. Tufts College, Medford, Mass. Di- 
rector, the Tufts College Research Laboratory of 
Sensory Psychology and Physiology and Presi- 
dent of the College. (1, 1937) 

Carpenter, Thorne M., Ph.D. 29 Blackfon St., 
Boston, 15, Mass. Director, Nutrition Laboratory 
of the Carnegie Institution of Washington, CL 
1915; 2, 1909; 5, 1935) 

Carr, C. Jelleff, Ph.D. School of Medicine, Uni- 
versity of Maryland, Baltimore. Associate 
Professor of Pharmacology. (3, 1940) 

Carr, Jesse L., M.D. University of California 
Medical School, Third and Parnassus Aves., 
San Francisco. Assistant Professor of Pathol- 
ogy. (4, 1940) 

Carrel, Alexis, M.D., Sc.D., LL.D. The Rocke- 
feller Institute for Medical Research, 66th St. 
and York Ave., New York City. Member 
Emeritus. (1, 1906; 4, 1924) 

Carter, Herbert E., M.A., Ph.D. 452 Noyes Lab- 
oratory, Urbana, 111. Associate Professor of Bio- 
chemistry, University of Illinois. (2, 1937; 5, 
1941) 

Cartland, George F., M.S., Ph.D. The Upjohn 
Co., Research Department, Kalamazoo, Mich. 
Biochemist and Pharmacologist . (2, 1936) 

Cary, Charles A., S.B. Dairy Research Labora- 
tory, Beltsviile, Md. Chief, Division of Nutri- 
tion and Physiology, Bureau of Dairy Industry, 

U. S. Department of Agriculture. (2, 1920) 
Casey, Albert Eugene, M.D. Jefferson and Bap- 
tist Hospitals, Birmingham, Ala. Pathologist. 

(4, 1933) 

Cash, James Robert, M.D. University Hospital, 
Charlottesville, Va. Professor of Pathology, 
University of Virginia. (4, 1924) 

Castle, Edward S., M.A., Ph.D. Biological Lab- 
oratories, Harvard University, Divinity Ave., 
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Cambridge, Mass. Assistant Professor of Gen- 
eral Physiology. (1, 1934) 

Castle, William B., M.D., S.M. (Hon. Yale), 
M.D. (Hon. Utrecht). Boston City Hospital, 
Boston, Mass. Professor of Medicine, Harvard 
Medical School; Associate Director, Thorndike 
Memorial Laboratory and Director, II and IV 
Medical Services (Harvard), Boston City Hos- 
pital. (4, 1942) 

Catchpole, Hubert Ralph, Ph.D. 333 Cedar St., 
New Haven, Conn. Research Assistant in 
Physiology (Assistant Professor), Yale Uni- 
versity. (1, 1941) 

Cathcart, E. P., M.D., D.Sc., LL.D. Unir'ersity 
of Glasgow, Glasgow, Scotland. Dean of Uni- 
versity. (5, 1935) 

Catron, Lloyd, M.D. The City Hospital, Akron, 

0. Pathologist. (4, 1939) 

Catlell, J. McKeen, Ph.D., D.Sc., LL.D. Garri- 
son-on-Hudson, N. Y. Editor of Science, The 
Scientific Monthly, The American Naturalist, 
and School and Society; Member of the National 
Academy of Sciences. (1, 1895) 

Cattell, McKeen, A.M., Ph.D., M.D. Cornell 
University Medical College, 1300 York Ave., 
New York City. Professor of Pharmacology. 

1, 1923; 3, 1924) 

Cerecedo, Leopold R., Ph.D. Fordham Univer- 
sity, New York City. Professor of Biochemis- 
try. (2, 1931) 

ChaikofT, I. L., A.M., Ph.D., M.D. University of 
California, Berkeley'. Assistant Professor of 
Physiology. (1, 1932) 

Chalkley, Harold W., A.M., Ph.D. U. S. Public 
He,alth Service, National Institute of Health, 
Bethesda, Md. Senior Physiologist. (1, 1932) 
Chambers, Leslie Addison, M.S., Ph.D. Johnson 
Foundation for Medical Physics, University of 
Pennsylvania, Philadelphia. Lecturer in Bio- 
physics; Associate in Medical Physics; Associate 
in Pediatrics. (1, 1940) 

Chambers, Robert, A.M., Ph.D. New York Uni- 
versity, Washington Square East, New York 
City. Research Professor of Biology. (1, 1932) 
Chambers, William H., hl.S., Ph.D. Cornell 
University Medical College, 1300 York Ave., 
New York City. Associate Professor of Physiol- 
ogy. (1, 1924 ; 5, 1933) 

Chandler, Caroline A., M.D. Children’s Bureau, 
U. S. Department of Labor, Washington, D. C. 
(6, 1938) 

Chanutin, Alfred, Ph.D. Box 103S (University 
Station), Charlottesville, Va. Professor of Bio- 
chemistry, University of Virginia. (2, 1925) 
Chapman, C. W., M.Sc., Ph.D. University of 
Maryland, Baltimore. Professor of Pharma- 
cology. (3, 1932) 

Chargaff, Erwin, Ph.D. Columbia University, 
College of Physicians and Surgeons, 030 W. 


IGSth St., New York City. Assistant Professor 
of Biological Chemistry. (2, 1935) 

Charipper, Harry Adolph, M.S., Ph.D. Wash- 
ington Square College of Arts and Sciences, 100 
Washington Square East, New York City. Pro- 
fessor of Biology and Chairman of the Depart- 
ment. (1, 1941) 

Chase, Aurin M., A.M., Ph.D. Department of 
Biology, Princeton University, Princeton, N. J. 
Research Associate. (1, 1939) 

Chase, Merrill W., M.S., Ph.D. Rockefeller 
Institute, 66th St. and York Ave., New' York 
Cit}'. Member of Staff. (G, 1938) 

Chasis, i^erbert, M.D., Med. Sc.D. 44 E. 67th 
St., New' T’ork City. Assistant Professor of 
Medicine, New York University, College of 
Medicine. (1, 1941) 

Chatbeld, Charlotte, B.S. U. S. Dept, of Agri- 
culture, Washington, D. C. In Charge, Food 
Composition Section, Bureau of Home Eco- 
nomics. (5, 1941) 

Chen, K. K., Ph.D., M.D. Eli Lilly and Co., 
Indianapolis, Ind. Director of Pharmacological 
Research, Lilly Research Laboratories; Professor 
of Pharmacology, Indiana University School of 
Medicine, Indianapolis. (1, 1929; 3, 1942) 
Cheney, Ralph H., A.M., M.S., Sc.D. Long Island 
University, 300 Pearl St., Brooklyn, N. Y. 
Chairman, Biology Department. (3, 1934) 
Chesney, Alan M., M.D. The Johns Hopkins 
Hospital, Baltimore, Md. Dean, Johns Hop- 
kins Medical School; Associate Professor of 
Medicine. (4, 1925) 

Child, Charles Manning, Ph.D., D.Sc, (hon.). Jor- 
don Hall, Stanford University, Calif. Member, 
National Academy of Sciences; Professor Emeri- 
tus, University of Chicago. (1, 1923) 

Chittenden, Russell H., Ph.D., LL.D., Sc.D., 
M.D. S3 Trumbull St., New Haven, Conn. 
Professor Emeritus, Physiological Chemistry, 
Yale University; Member, National Academy of 
Sciences. (1, 1887 ; 2, 1906; 5, 1933) 

Chow, Bacon, Ph.D. Squibb Institute for Medi- 
cal Research, New Brunswick, N. J. Associate 
in the Division of Pharmacology. (2, 1940) 
Christensen, L. Royal, Ph.D. Now York Univer- 
sity College of Medicine, 477 First Ave., New 
T’ork City. Medical Fellow, National Research 
Council. (G, 1942) 

Christian, Henry A., M.D. 1731 Beacon St., 
Brookline, IMass. Hcrscy Professor of the Theory 
and Practice of Physic, Emeritus, Harvard Uni- 
versity; Physician-in-Chief, Emeritus, Peter 
Bent Brigham Hospital, Boston; Visiting Physi- 
cian, Beth Israel Hospital, Boston. (4, 1924) 
Christman, Adam A., Ph.D. Uni versity of Michi- 
gan Medical School, .:Vnn .Arbor. .4f.->oci'atc 
Professor of Physiological Chemistry. (2, 1929) 
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Clark, Ada R., M.A., Ph.D. College of Physicians 
and Surgeons, 630 W. 168th St., New York City. 
Instructor in Bacteriology. (G, 1936) 

Clark, Byron B., M.S., Ph.D. Albany Medical 
College, Albany, N. Y. Associate Professor of 
Physiology and Pharmacology. (3, 1940) 

Clark, Earl P., M.S., Ph.D, Bureau of Ento- 
mology and Plant Quarantine, U. S. Dept, of 
Agriculture, Washington 25, D. C. Senior Chem- 
. ist. (2, 1924) 

Clark, Eliot R., M.D. University of Pennsyl- 
vania, Philadelphia. Professor, and Head of 
Deparlinent of Anatomy. (1, 1919) 

Clark, Ernest D., A.M., Ph.D. 826 Skinner Bldg., 
Seattle 1, Wash. Director of the Lmoratories, 
Northwest Branch, National Canners' Associa- 
tion; Manager, Association Pacific Fisheries. 
(2, 1912) 

Clark, George, Ph.D.* Yerkes Laboratory of 
Primate Biology, Orange Park, Fla. Research 
Associate. (1, 1943) 

Clark, Guy W., A.M., Ph.D. c/o Lederle Labora- 
tories, Inc., Pearl River, N. Y. Technical 
Director. (2, 1922) 

Clark, Janet Howell, A.M., Ph.D. Anderson 
Hall, University of Rochester, Rochester, N. Y. 
Dean of the College for Women and Professor in 
the Division of Biological Sciences. (1, 1922) 
ark, Paul F., Ph.D. University of Wisconsin 
Medical School, Madison. Professor of Bacteri- 
ology. (4, 1923; 6, 1928) 

Hark, William G., Ph.D. University of Minne- 
sota, Minneapolis. Assistant Professor of Zo- 
ology. (1, 1942) 

Clark, William Mansfield, M.A., Ph.D., D.Sc. 
Johns Hopkins University, Baltimore, Md. 
Professor of Physiological Chemistry; Member 
National Academy of Sciences. (2, 1920) 

Clarke, Hans Thacher, D.Sc. (London), F.I.C. 
630 W. 16Sth St., New York City. Professor of 
Biological Chemistry, Columbia University, 
College of Physicians and Surgeons. (2, 1929) 
Clarke, Robert W., Ph.D. Yale University School 
of Medicine, 333 Cedar St., New Haven, Conn. 
Instructor in Physiology. (1, 1936) 

Clausen, Samuel Wolcott, M.D. Strong Memorial 
Hospital, Rochester, N. Y. Professor of Pediat- 
rics, School of Medicine, University of Roch- 
ester. (2, 1922) 

Cleghorn, Robert Allen, M.D., D.Sc. (Aberdeen). 
Department of Medicine, University' of Toronto, 
Toronto, Ont., Canada. Junior Demonstrator 
in Medicine; Junior Assistant Attending Physi- 
cian, Toronto General Hospital. (1, 1937) 
Climenko, David Robert, M.D., Ph.D. Winthrop 
Chemical Co., 33 Riverside Ave., Rensselaer, 
N. A'. Pharmacologist; Associate in Bio- 
chemistry and Instructor in Medicine, Albany 
Medical College. (1, 1933) 


Clowes, George Henry Alexander, Ph.D., D.Sc. 
(hon.), LL.D. (hon.). Eli Lilly & Co., Indi- 
anapolis, Ind. Director of Research. (2, 1914; 
6, 1919) 

Coca, Arthur F., A.M., M.D. Pearl River, N. Y. 
Medical Director, Lederle Laboratories. (G, 
1916) 

Code, Charles F., Ph.D., M.D. Mayo Foundation, 
Rochester, Minn. Professor of Physiology. (1, 
1939) 

Coffey, Julia M., A.B. Division of Laboratories 
& Research, New York State Department of 
Health, Albany, N. Y'. Associate Bacteriol- 
ogist. (G, 1937) 

Coghill, Robert D., M.S., Ph.D. Northern Re- 
gional Research Laboratory, U. S. Department 
of Agriculture, Peoria, 111. Chief, Fermentation 
Division. (2, .1932) 

Cohen, Barnett, M.S., Ph.D. Johns Hopkins 
University School of Medicine, 710 N. Wash- 
ington St., Baltimore 5, Md. Associate Professor 
of Physiological Chemistry. (2, 1935) 

Cohen, Milton B., M.D. 10616 Euclid Ave., 
Cleveland, 0. Director, The Asthma, Hay 
Fever and Allergy Foundation. (G, 1931) 

Cohen, Philip P., Ph.D., M.D. Service Memorial 
Institute, University of Wisconsin, Madison. 
Assistant Professor of Clinical Chemistry. (2, 
1941) 

Cohen, Sophia M., B.S. Division of Laboratories 
and Research, New York State Department of 
Health, Albany, N. Y. Assistant Bacteriologist. 
(G, 1938) 

Cohn, Alfred E., M.D. 300 Central Park W., 
New A'ork City. Member, Roekefeller Institute 
for Medical Research. (1, 1911 ; 3, 1913) 

Cohn, Edwin J., Ph.D. 183 Brattle St., Cam- 
bridge, Mass. Professor of Biologieal Chem- 
istry, Harvard University. (1, 1919; 2, 1919) 

Cole, Arthur G., Ph.D. 1853 W. Polk St., Chi- 
cago 12, 111. Assistant Professor of Physiological 
Chemistry, University of Illinois College of 
Medicine. (2,T939) 

Cole, Harold N., M.D. 1352 Hanna Bldg., Cleve- 
land, 0. Clinical Professor of Dermatology and 
Syphilology, Western Reserve University. (3, 
1925) 

Cole, Kenneth S., Ph.D. 630 W. 16Sth St., 
New A'ork City. Associate Professor of Physi- 
ology, College of Physicians and Surgeons, 
Columbia University . (1, 1934) 

Cole, Rufus, M.D., D.Sc. Mount Kisco, N. Y. 
Member Emeritus, Rockefeller Institute for 
Medical Research. (4, 1924; G, 1917) 

Cole, Versa V., Ph.D., M.D. Woman’s Medical 
College, Henry Ave., & Abbottsford Rd., Phil- 
adelphia, Pa. Associate Professor of Pharma- 
cology. (3, 1041) 
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Collett, Mary Elizabeth, A.M., Ph.D. Mather 
College, Western Reserve University, Cleve- 
land, 0. Associate Professor of Biology. (I, 
1921) 

Collins, Dean A., M.A., Ph.D., M.D. Temple 
University School of Medicine, Philadelphia, 
Pa. Associate Professor of Physiology. (1, 
1938) 

Collins, Russell J., A.M., M.D., F.R.C.P. (Can.) 
M.R.C.P. (Edin.) F.A.C.P. St. John, New 
Brunswick, Canada. Medical Superintendent 
of St. John Tuberculosis Hospital. (3, 1915) 
Collip, J. B., A.M., Ph.D., D.Sc., M.D. McGill 
University, Montreal, Quebec, Canada. Profes- 
sor of Biochemistry and Director of Research 
Institute of Endocrinology. (1, 1920 ; 2, 1920) 
Coman, Dale R., M.D. McManes Laboratory of 
Pathology, University of Penns 3 dvania School 
of Medicine, Philadelphia. Assistant Professor 
of Pathology. (4, 1939) 

Comroe, Julius H., Jr., M.D. University of 
Pennsylvania Medical School, Philadelphia. 
Assistant Professor of Pharmacology. (3, 1939) 
Conant, James B., Ph.D. 5 University Hall, 
Cambridge, Mass. President, Harvard Uni- 
versity; Member, National Academy of Sciences. 
(2, 1932) 

Concepcion, Isabelo, M.D. College of Medicine 
and Surgery, Manila, P.I. Professor of Physi- 
ology, University of the Philippines. (I, 1919) 
Conklin, Ruth E., M.S.,-Ph.D. Vassar College. 
Poughkeepsie, N. Y. Associate Professor of 
Physiology. (1, 1940) 

Conn, Jerome W., M.D. University Hospital, 
Ann Arbor, Mich. Assistant Professor of In- 
ternal Medicine and Research Associate in 
Nutrition. (5, 1942) 

Cook, Donald Hunter, Ph.D. School of Tropical 
liledicine of Columbia University, San Juan, 
Puerto Rico. Associate Professor of Chemistry. 
(2, 1929) 

Cooke, Robert A., A.M., Sc.D. (hon.), M.D. 
60 E. SSth St., New York City'. Director, De- 
partment of Allergy, Roosevelt Hospital. (6, 
1920) 

Cooley, Thomas B., M.S., M.D. 7840 Van Dj'ke 
Pi., Detroit, Mich. Chairman of Staff, Chil- 
dren’s Hospital of Michigan, Detroit. (5, 1935) 
Coolidge, Thomas E., M.D., Ph.D. Duke Hospi- 
tal, Durham, N. C. Assistant Professor of 
Biochemistry, Duke University Medical School. 
% 1942) 

Coombs, Helen C., .>V.M., Ph.D. Department of 
Hj-gicno, Brooklyn College, Bedford Ave. and 
Ave. II., Brooklyn. N. Y. hislructor in Physiol- 
ogy and Nutrition. (1, 1921; 3, 1939) 

Coon, Julius M., Ph.D. University of Chicago, 
Chicago, III. Instructor in Pharmacology. (3, 
1941) 


Coons, Caliie Mae, Ph.D. 1200 W. 7Sth St., 

' Los Angeles, Calif. (5, 1933) 

Cope, Otis M., M.D. New York Medical College, 
Flower and Fifth Avenue Hospitals, No. 1, E. 
105th St., New York City. Professor of Physi- 
ology and Biochemistry. (1, 1929) 

Corbin, Kendall B., M.D. University of Ten- 
nessee College of Medicine, 875 Monroe, Mem- 
phis. Professor oi Anatomy. (1,1941) 
Corcoran, Arthur Curtis, C.M,, M.D. Lilly 
Laboratory for Clinical Research, Indianapolis 
City Hospital, Indianapolis, Ind. Member of 
Staff. (1, 1940) 

Corey, Edward Lyman, Ph.D. School of Medi- 
cine, University of Virginia, University. As- 
sistant Professor of Physiology. (1, 1931) 

Cori, Carl F., M.D. Washington University 
School of Medicine, Kingshighway and Euclid 
Ave., St. Louis, Mo. Professor of Pharmacology 
and Biochemistry; Member, National Academy 
of Sciences. (2, 1925; 3, 1934) 

Cori, Gerty T., M.D. Washington University 
School of Medicine, St. Louis, Mo. Research 
Associate Professor in Pharmacology and Bio- 
chemistry. (2, 1927; 3, 1934) 

Corley, Ralph Conner, Ph.D. Department of 
Chemistry, Purdue University, Lafaj-ette, Ind. 
Professor of Biochemistry, (2, 1927) 

Cornwall, Leon, M.D. 55 E. 76tb St., Now York 
City. Attending Neurologist, N. Y. Neurological 
Institute. (6, 1920) 

Corper, Harry J., M.D., Ph.D. 1295 Clermont 
St., Denver, Colo. Director of Research, Na- 
tional Jewish Hospital. (2, 1912) 

Corson, Samuel A., M.S., Ph.D.* The University 
of Oklahoma, School of Medicine, Oklahoma 
City. Assistant Professor of Physiology. (1, 
1943) 

Corwin, Warren C., hl.D. Captain, M.C. AUS 
Army Flying School, Greenville, Miss. (4, 1940) 
Co Tni, Frank, M.D. New York Universitj' Col- 
lege of Medicine, 477 First Ave., Now York City. 
Associate Professor of Experimental Surgery. 
(3, 1931) 

Cowgill, George Raymond, Ph.D. 333 Cedar St., 
New Haven, Conn. Associate Professor of 
Physiological Chemistry, Yale University. (1, 
1923; 2, 1922; 5, 1933) 

Cox, Gerald J., M.S., Ph.D. 3803 S St., A'. W., 
Washington 7, D. C. Special Research Assistant, 
Food and Nutrition Board, National Research 
Council. (2, 1930 ; 5, 1935) 

Cox, Warren M., Jr., Ph.D. Mead Johnson <fc Co., 
Evansville, Ind. Research Biochemist. (2, 
1935) 

Craig, L. C., M.S., Ph.D. Rockefeller Institute, 
66th St. and York .Ave., New York City. Asfo- 
ciatc in Chemical Pharmacology. (2, 1938) 
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Crampton, E. W., Ph.D. Macdonald College, 
Quebec, Canada. Associate Professor of Animal 
Nutrition. (5, 1940) 

Crandall, Lathan A., Jr., M.D., Ph.D. Univer- 
sity of Tennessee College of Medicine, Memphis. 
Professor of Physiology. (1, 1930; 5, 1940) 
Cretcher, Leonard H., Ph.D. Mellon Institute 
of Industrial Research, University of Pitts- 
burgh, Pittsburgh, Pa. Assistant Director and 
Head of the Department of Research in Pure 
Chemistry. (2, 1930) 

Crider, Joseph O., M.D. Jefferson Medical Col- 
lege, Philadelphia, Pa. Associate Professor of 
Physiology and Assistant Dean. (1, 1935) 
Crisler, George R., Ph.D., M.D. 33d Altitude 
Training Unit, Santa Ana Army Air Base, Santa 
Ana, Calif. Captain, Medical Corps. (1, 1930) 
Crittenden, Phoebe J., M.S., Ph.D. Lawrence 
Climactic Laboratory, War Department, Law- 
rence, Mass. Associate Physiologist. (1, 1937; 
3, 1937) 

Cromwell, Hobart W., Sc.D. Abbott Labora- 
tories, North Chicago, 111. Bacteriologist. (6, 
1929) 

Crozier, William J., Ph.D. Biological Labora- 
tories, Harvard University, Cambridge, Mass. 
Professor of General Physiology. (1, 192S) 
Cruickschank, Ernest W. H., M.D., D.Sc., Ph.D. 
M.R.C.P., F.R.S.E. Alarischal College, Uni- 
versity of Aberdeen, Aberdeen, Scotland. Pro- 
fessor of Physiology. (1, 1931) 
anka, F. A., Ph.D. Bureau of Human Nutrition 
and Home Economics, U. S. Department of 
Agriculture, Beltsville, Md. Senior Chemist. 
(2, 1924) 

Culler, Elmer A. K., Ph.D. University of Roch- 
ester, Rochester, N. Y. Professor of Psychology 
and Director of the Laboratory. (1, 1936) 
Cunningham, Raymond W., M.S., Ph.D. Temple 
University School of Medicine, Philadelphia, Pa. 
Assistant Professor of Pharmacology. (3, 1941) . 
Cunningham, Robert Sydney, A.M., M.D., Sc.D. 
Albany Medical College, Albany, N. Y. Pro- 
fessor of Anatomy and Dean. (1, 1923) 
Curnen, Edward C., M.D. Hospital of Rocke- 
feller Institute, C6th St. and York Ave., New 
Y^ork City. Assistant Resident Physician, Hos- 
pital gf The Rockefeller Institute; Assistant, 
Rockefeller Institute; Lieut. (J.g.) M.C. V(.S) 
U.S.N.R. on active duty. (6, 1941) 

Curtis, George Morris, M..4.., Ph.D., M.D. Kins- 
man Hall, Ohio State University^ Columbus. 
Professor of Surgery; Chairman, Department of 
Research Surgery. (1, 1933; 4, 1933) 

Curtis, Howard J., M.A., Ph.D. College of Phy- 
sicians and Surgeons, 630 W. 16Sth St., New 1 ork 
City. Assistant Professor of Physiology. (1, 
1940) 


Cutler, Elliott C., M.D. Peter Bent Brigham 
Hospital, Boston, Mass. Moseley Professor of 
Surgery, Harvard Medical School; Surgeon-in- 
Chief, Peter Bent Brigham Hospital. (4, 1927). 
Cutting, Reginald A., M.D., Ph.D. Georgetown 
University School of Medicine, 3900 Reservoir 
Road, N.W., Washington, D. C. Professor 
of Physiology and Director of the Department. 
(1, 1939) 

Cutting, Windsor C., M.D. Stanford University 
School of Medicine, San Francisco, Calif. As- 
sistant Professor of Therapeutics. (3, 1939) 
Daft, Floyd Shelton, Ph.D. National Institute of 
Health, Washington, D. C. Senior Biochemist. 
(5, 1941) 

Daggs, Ray Gilbert, Ph.D. 2821 Milton Ave., 
Dallas, Texas. Lt. Col., Hdqtrs. 8th Service Com- 
mand Sxtrgeon’s Office. (1, 1939; 5, 1933) 

Dakin, Henry D., D.Sc., LL.D., Ph.D., F.I.C., 
F.R.S. Scarborough-on-Hudson, N. Y. (2, 
1906) 

Dalton, Albert J,, M.A., Ph.D. National Insti- 
tute of Health, Bethesda, Md. Cytologist. 
(4, 1942) 

Dam, Henrik. University of Rochester School of 
Medicine and Dentistry, 260 Crittenden Blvd., 
Rochester, N. Y. (5, 1943) 

D’Amour, Fred E., M.S., Ph.D. 2311 S. Josephine 
St., Denver, Colo. Associate Professor, Depart- 
ment of Zoology, University of Denver. (1, 1934) 
D’Amour, Marie C., Ph.D., M.D. Tulane Uni- 
versity, School of Medicine, New Orleans, La. 
Instructor in Pharmacology. (1, 1934) 

Daniels, Amy L., Ph.D. College Highway, Avon, 
Conn. Retired. (2, 1919; 5, 1933) 

Danielson, Irvin S., Ph.D. Pearl River Apart- 
ments, Apt. 3H, Pearl River, N. Y. Research 
Chemist. (2, 1937) 

Dann, W. J., Ph.D. Box 3205, Duke Hospital, 
Durham, N. C. Associate Professor of Physi- 
ology. (2, 1937; 5, 1938) 

Darrow, Chester W., Ph.D. Institute for Juve- 
nile Research, 907 S. Wolcott St., Chicago, 111. 
Research Psychologist, Institute for Juvenile 
Research; Associate in Physiology, University 
of Illinois College of Medicine. (1, 1937) 

Darrow, Daniel Cady, M.D. New Haven Hos- 
pital, New Haven, Conn. Assoefate Professor 
of Pediatrics, Yale University. (2, 1936) 
Davenport, Horace Willard, B.Sc. (Oxon.) Ph.D. 
Dept, of Phy^siology, Harvard Medical School, 

25 Shattuck St., Boston, Mass. Instructor in 
Physiology. (1, 1942) 

David, Norman Austin, M.D. University of 
Oregon Medical School, Portland. Professor of 
Pharmacology. (3, 1934) 

Davidsohn, Israel, M.D. Mount Sinai Hospital, 
2750 W. loth Place, Chicago, 111. Pathologist 
and Director of Laboratories, Mt. Sinai Hospital; 
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Donahue, D. D., D.Sc. Division of Industrial 
Hygiene, National Institute of Health, Bethesda, 
Md. Physiologist, Toxicology Section, Division 
of Industrial Hygiene, U, S. Public Health 
Service. (3, 1941) 

Dooley, M. S., M.D. 766 Irving Ave., Symcuse, 
N. y. Professor of Pharmacology, College of 
Medicine, Syrgense University. (3, 1923) 

Dorfman, Ralph I., Ph,D. Dept, of Biochemistry, 
Western Reserve University School of Medicine, 
Cleveland, 0.' Assistant Professor of Bio- 
chemistry. (2, 1940) 

Dotti, Louis Basil, M.A., Ph.D. St. Luke’s Hos- 
pital, Amsterdam Ave. and 113th St., New York 
City. Chemist, St. Luke's Hospital; Assoeiate in 
Physiology and Biochemistry, New York Medical 
College, Flower and Fifth Avenue Hospital, New 
York, N. Y. (1, 1937) 

Doty, J. Roy, Ph.D. American Dental Association 
Bureau of Chemistry, 222 E. Superior St., Chi- 
cago, 111. Associate Chemist. (2, 1941) 

Dow, Philip, Ph.D. University of Georgia School 
of Medicine, Augusta. Associate Professor of 
Physiology. (1, 1939) 

Dow, Robert S., M.D., Ph.D. Universiti’^ of 
Oregon Medical School, Portland. Associate 
Professor of Anatomy. (1, 1940) 

Downs, Ardrey W., M.A., M.D., D.Sc., F.A.C.P. 
University of Alberta, Edmonton, Canada. 
Professor of Physiology and Pharmacology. 
( 1 , 1917 ) 

owns, Cora M., Ph.D. Department of Bacteri- 
ology, University of Kansas, Lawrence. Pro- 
fessor of Bacteriology. (6, 1929) 

Drabkin, David L., M.D. Medical School, Uni- 
versity of Pennsylvania, Philadelphia. Asso- 
ciate Professor of Physiological Chemistry. (2 
1928; 5, 1934) 

Dragstedt, Carl A., Ph.D., M.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, 111. Professor of Pharmacology. (I, 
1928; 3, 1932) 

Dragstedt, Lester R., M.D., Ph.D. University of 
Chicago, Chicago, 111. Professor of Surgery. 
(1, 1920) 

Draize, J. H., Ph.D. Division of Pharmacology, 
Food & Drug Administration, Federal Security 

' Agency, Washington, D. C. Pharmacologist. 
(3, 1940) 

Drake, T. G. H., M.B., F.R.C.P. (c). University 
of Toronto, Toronto, Canada. Junior Demon- 
strator in Paediatrics, Department of Medicine, 
University of Toronto; Clinical Assistant on 
Active Staff and Associate Director Research 
Laboratory, Hospital for Sick Children. (5, 
1936) 

Draper, William B., M.Sc., M.D. University of 
Colorado School of IMedicine, 4200 E. 9th Ave., 


Denver. Associate Professor of Physiology and 
Pharmacology. (3, 1938) 

Dresbach, Melvin, M.S., M.D. Hahnemann Medi- 
cal College, Philadelphia, Pa. Visiting Fellow 
in Physiology. (1, 1912) 

Dreyer, Nicholas Bernard, M.A. (O.von). Long 
Island College of Medicine, 350 Henry St., 
Brooklyn, N, Y. Associate Professor of Physi- 
ology and Pharmacology. (3, 1942) 

Drill, Victor Alexander,* Ph.D. Dept, of Pharma- 
cology, College of Physicians and Surgeons, 
Columbia University, New York, N. Y. Fellow 
of National Research Council. (1, 1943) 

Drinker, Cecil K., M.D. Harvard University 
School of Public Health, Boston, Mass. Pro- 
fessor of Physiology and Dean. (1, 1915) 
Drinker, Katherine R., M.D. Harvard School of 
Public Health, 55 Shattuck St., Boston, Mass. 
Instructor in Public Health. (1, 1915) 

Drury, Douglas R., M.D. University of Southern 
California, Los Angeles. Professor of Physi- 
ology. (1, 1932) 

Dubin, Harry E., Ph.D. 250 E. 43rd St., New 
York City. President, H. E. Dubin Labora- 
tories, Inc. (2, 1925) 

DuBois, Eugene F., M.D. Cornell University 
Medical College, 1300 York Ave., New York 
City. Professor and Head of the Department of 
Physiology and Biophysics; Attending Physician, 
New York Hospital; Member, National Academy 
of Sciences. (1, 1913; 3, 1921; 5, 1935) 

Dubos, Rene J., Ph.D., D.Sc. Harvard Medical 
School, Boston, Mass. Professor of Tropical 
Medicine. (G, 1938) 

Dukes, H. H., D.V.M., M.S. New York State 
Veterinary College, Cornell University, Ithaca, 
N. Y. Professor of Veterinary Physiology. (1, 
1934) 

Dulaney, Anna D., A.M., Ph.D. Pathological 
Institute, University of Tennessee, Memphis. 
Assistant Professor of Bacteriology , Medical 
School. (6, 1924) 

Dumke, Paul Rudolph, M.D. Department of 
Pharmacology, The Medical School, University 
of Pennsylvania, Philadelphia. Instructor in 
Pharmacology. (3, 1942) 

Dunlap, Charles E., M.D. Tulane University of 
Louisiana, 1430 Tulane Ave. New Orleans. As- 
sistant Professor of Pathology. (4, 1942) 

Dunn, Max Shaw, Ph.D. University of Cali- 
fornia, Los Afigeles. Professor of Chemistry. 
(2, 1933) 

Durrant, Edwin Poe, M.A., Ph.D. Ohio State 
University, Columbus. Associate Professor of 
Physiology. (1, 1928) 

Dutcher, R. Adams, M.S., M.A., D.Sc. Pennsyl- 
vania State College, State College. Professor 
and Head of Department of Agricxdtural Bio- 
chemistry. (2, 1920; 5, 1933) 
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National Academy of Sciences. (2, 1931; 5, 
1933) 

Emerson, George A., M.S., Ph.D. West Virginia 
School of Medicine, Morgantown. Professor 
and Head, Department of Pharmacology. (3, 
1935) 

Emerson, Gladys A., Ph.D. Merck Institute of 
Therapeutic Research, Rahway, N. J. Nutri- 
tionist. (5, 1942) 

Emerson, Oliver H., Ph.D. Western Regional 
Research Laboratory, U. S. Dept, of Agricul- 
ture, Albany 6, Calif. Assistmit Chemist. 
(2, 1938) 

■Emery, Frederick E., D.V.M., M.S., Ph.D. Uni- 
versity of Buffalo hledical School, Buffalo, N. Y. 
Assistant Professor of Physiology. (1, 1930) 

Emmett, Arthur D., M.A., Ph.D. Research De- 
partment, Parke, Davis & Co., Detroit, Mich. 
Assistant Director of Research. (2, 1908; 5, 
1933) 

Enders, John F., A.M., Ph.D. Department of 
Bacteriology, Medical School, Harvard Uni- 
versity, Boston, Mass. Assistant Professor of 
Bacteriology and Immunology. (G, 1936) 

Engle, Earl Theron, Ph.D. College of Physicians 
and Surgeons, Columbia University, 630 W. 

. 16Sth St., New York City. Professor of Anat- 
omy. (1, 1930) 

pstein, Albert A., M.D. 1111 Madison Avc., 
New York City. Physician, Beth Israel Hos- 
pital; Physician, Hospital for Joint Diseases. 
(2, 1912) 

Erickson, Cyrus C., M.D. Duke University 
School of Medicine, Durham, N. C. Associate 
in Pathology. (4, 1941) 

Erlanger, Joseph, M.D., LL.D., Sc.D. Washing- 
ton University School of Medicine, 4580 Scott 
Ave., St. Louis, Mo. Professor of Physiology; 
Member of the National Academy of Sciences. 
(1, 1901) 

Espe, Dwight L., Ph.D. Iowa State College, 
Ames. Assistant Research Professor in Dairy 
Husbandry. (1, 1940) 

Essex, Hiram E., M.S., Ph.D. Mayo Foundation, 
Rochester, Minn. Associate Professor of Plnjsi- 
ology. Institute of Experimental Medicine. 
(1, 1932; 3, 1940) 

Ettinger, C. H., M.D., C.M., F.R.S.C.* Queen’s 
University, Engston, Canada. Professor of 
Physiology. (1, 1943) 

Evans, Earl Alison, Jr., Ph.D. Department of 
Biochemistry, University of Chicago, Chicago, 
111. Professor and Chairman of Department. (2, 
1939) 

Evans, Everett Idris, M.D., Ph.D. Department 
of Surgery, IMedical College of l^irginia, Rich- 
mond. Assistant Professor of Surgery; Re- 
sponsible Investigator, Committee on Medical 
Research, National Research Council. (1, 1935) 


Evans, Gerald Taylor, M.D., Ph.D. University 
of Minnesota Hospitals, Minneapolis. Director 
of Laboratory Service, University of Minnesota 
Hospitals; Associate Professor of Medicine, 
University of Minnesota. (1, 1942) 

Evans, Herbert M., M.D. University of Cali- 
fornia, Berkeley. Professor of Anatomy and 
Director of Institute of Experimental Biology; 
Member of the National Academy of Sciences. 
(1, 1919) 

Evans, William E., Jr., M.S., Ph.D. University 
of Maryland Medical School, Baltimore. As- 
sislant Professor of Pharmacology. (3, 1940) 
Eveleth, D. F., Ph.D. University of Arkansas, 
Fayetteville. Professor of Bacteriology and 
Veterinary Science. (2, 1939) 

Everett, Mark Reuben, Ph.D. University of 
Oklahoma Medical School, Oklahoma City. 
Professor of Biochemistry. (2, 1929) 

Ewing, P. L., M.S., Ph.D. University of Texas 
School of Medicine, Galveston. Associate in 
Pharmacology. (3, 1938) 

Eyster, John A. English, M.D. University of 
Wisconsin, Madison. Professor of Physiology. 
(1, 1906; 3, 1908) 

Fahr, George, M.D. University of Minnesota 
Medical School, Minneapolis. Professor of Clin- 
ical Medicine. (1, 1913; 3, 1940) 

Failey, Crawford F., Ph.D. 416 S. 6th St., Terre 
Haute, Ind. Associate Professor of Pharma- 
cology. (2, 1933) 

Fairhall, Lawrence T., M.A., Ph.D. U. S. Public 
Health Service, Washington, D. C. Principal 
Industrial Toxicologist. (2, 1924). 

Falk, K. George, Ph.D. 40 E. 66th St., New York, 
City. Director, Laboratory of Industrial Hy- 
giene. (2, 1913) 

Famulener, Lemuel W., Ph.C., M.D. Pathologi- 
cal Laboratory, St. Luke’s Hospital, 113th St. 
and .Amsterdam Ave., New York City. Bacteri- 
ologist. (6, 1920) 

Farber, Sidney, M.D. Harvard Medical School, 
25 Shattuck St., Boston, Alass. Assistant 
Professor of Pathology. (4, 1934) 

Farmer, Chester J., A.M. Northwestern Medical 
School, 303 E. Chicago Ave., Chicago, 111. Pro- 
fessor of Chemistry. (2, 1935) 

Farr, Lee E., M.D. 2209 W. 11th St., Wilmington, 
Del. Director of Research, Alfred I. duPont 
Institute.. During war: c/o C. P. Ritter, 800 
Devon Ave., Los Angeles, Calif. (4, 1911) 

Farrell, James I., Ph.D., M.D. 636 Church St., 
Evanston, 111. (1, 1938) 

Fassett, David W., M.D. Department of Thera- 
peutics, New York University College of Medi- 
cine, 414 E. 26 St., New York City. Fellow, 
Department of Therapeutics. (3, 1942) 

Fay, Marion, M.A., Ph.D. Woman’s Medial 
College of Pennsylvania, East Falls, Phila- 
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dciphia 29. Professor of Physiotogical Chanistnj. 
(2, 1037) 

Fcldmnn, William H., D.V.M., M.S. Mnyo Foun- 
dation. lloclipstcr, Minn. Asaocialr in the Divi- 
sion of pTpcriinrnlal Stirgcry and Pathnlopy. 
(4, 1031) 

Fellows, Edwin J.. M.S., Ph.l'). Temple Uni- 
versity School of Medicine, Philadelphia, Pa- 
Assistant Professor of Pharmaeology. (3, 1030) 
Fcllon, Lloyd D., M.D., D.Sc. Division of Infec- 
tions Disc.ascs, National Institute of Hc.alth, 
25thand E Sts., N.W.,\V.ashinRton, D. C. Senior 
Surgeon, United States Public Health Service. 
( 6 , 1020 ) 

Fenn, Wallace OsRood, A.M., Pli.D. University of 
Roche.stcr School of Medicine and Dentistry, 
200 Crittenden Clvd., Rochester, N. Y. Profes- 
sor of Physiology; Member, National Academy of 
Sciences. (1, 1021) 

FenninR, Con, M.D,, M.A. Uni\-ersily of Ut.ah 
School of Medicine, Salt I/ike City. Associnte 
Professor of Pharmacology and Physiology. (1, 
1942) 

Ferguson, James Kenneth Wallace, M..\., M.D. 
76 KilUarry Rd., Toronto, Ontario, Canada. 
•■Issisfant Professor of Pharmacy and Pharma- 
cology, University of Toronto, Toronto, Ontario, 
Canada. (I, 1933:3, 1941) 

Ferguson, John Howard, M.D., M.A., L.M.S.S.A. 
University of Michigan, Ann .Vrbor. Assistant 
Professor of Pharmacology. (1, 1933 ; 3, 1939) 
Ferguson, L. Kraccr, M.D. 133 S. 36th St. 
Philadelphia, Pa. Assistant Professor of Sur- 
gery, University of Pcnnsylrania; Surgeon, 
Philadelphia General Hospital; -Assistant Sur- 
geon, University of Pennsylvania Hospital. 
(4, 1935) 

Ferry, John Douglass, Ph.D. Woods Hole Oceano- 
graphic Institution, Woods Hole, Mass. Asso- 
ciate Chemist, U. S. Nary Antifouling Project, 
II’’oo(?s Hole Oceanographic Institution; Research 
Associate, Harvard Medical School, Boston, 
Mass. (2, 1941) 

Ferry, Newell S., M.D. P.arke, Davis & Co., 
Detroit, Mich. Assistant Director of Research. 
(G, 1916) 

Ferry, Ronald M., M.D. 966 Memorial Dyive, 
Cambridge, Mass. Master of John Winthrop 
House. (2, 1924) 

Fevold, Harry L., M.S., PIi.D. Western Regional 
Research Laboratory, Albany 6, Calif. Senior 
Biochemist. (2, 1942) 

Field, John, II, A.M., Ph.D. Stanford Univer- 
sity, Stanford, Calif. Professor of Physiology. 
(1, 1930) 

Fincke, Margaret L., Ph.D. Oregon State College, 
Corvallis. Associate Professor of Foods and 


Nutrition, School of Home Economics. (S, 
1910) 

Findley, Thomas, Jr., M.D. Ocli.sner Clinic, 
.3503 Prytania, New Orleans, La. Head of the 
Department of Internal Medicine, Ochsner 
Clinic, New Orleans; Assistant Professor of 
Clinical Medicine, Tnlanc University Bchool of 
.Medicine. (1, 193S) 

Fine, Morris S., I’h.D. Central Laboratories, 
Gcncml I'oods Coriwnilion, Hoboken, N. J. 
Director of Research. {2, 1912; 5, 1933) 

Finland, Maxwell, R.S. Roston City Hospital, 
Boston, Mass. .Assistant Professor of Medicine, 
Harvard Medical School. ( 6 , 1911) 

Flror, Warfield Monroe, M.D. .lohns Hopkins 
Hospil.al, Baltimore, Md. Associate Professor 
of Surgery, Johns Hopkins University. (1, 1932) 
Fischer, Ernst, M.D., Dr. habil. Medical College 
of Virginia, Richmond. Associate Professor of 
Physiology and Pharmacology. (1, 1936) 
Fischer, Hermann O. L., Ph.D. Banting Insti- 
tute, 100 College St., University of Toronto, 
Toronto 5, Canada. Research Professor of Or- 
ganic Chemistry. (2, 1940) 

Fischer, Martin H„ M.D., Pharm. D. (hon.), Sc.D. 
University of Cincinnati College of Medicine, 
Eden Avc., Cincinnati 19,0. Professor of Phys- 
iology. (1,1001:2.1919) 

Fishberg, Ella H., M.A,, M.D. Beth Israel Hos- 
pital, Sluyvesant Park East, New York City. 
Biochemist. (2, 1931) 

Fisher, Kenneth C., M.A., Ph.D. University of 
Toronto, Toronto, Out., Canada. Assistant 
Professor of Physiological Zoology. (1, 1940) 
Fiskc, Cyrus H., M.D. Harvard Medical School, 
Boston, Mass. Professor of Biological Chemis- 
try. (2, 1914) 

Fitzgerald, Mabel P., 54 A, George Sq., Edinburgh, 
Scotland. (1, 1913) 

Fitzhugh, O. Garth, Ph.D. Division of Pharma- 
cology, Food and Drug Administration, Fedoml 
Security .\gency, Washington, D. C. Pharma- 
cologist. (3, 1940) 

Flcischmann, Walter, M.D., Ph.D. Harriet Lane 
Home, Johns Hopkins Hospital. Baltimore, 
Md. Associate in Pediatrics, Johns Hopkins 
University. (1, 1940) 

Fleisher, Moyer S., M.D. Jewish Hospital, St. 
Louis, Mo. Research Bacteriologist. (4, 1924; 
6, 1932) 

Flexner, Louis B., M.D, Department of Embry- 
ologj’, Carnegie Institution of Washington, 
Wolfe and Madison Sts., Baltimore, Md. Re- 
search Associate. (1, 1933) 

Flock, Eunice V., Ph.D, Mayo Clinic, Rochester, 
Minn. Assistant Professor of Biochemistry, 
University of Minnesota; Associate in the Divi- 
sion of Experimental Medicine, The Mayp 
Foundation. (2, 1940) 
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riorman, Alfred L., M.D. 9th Service Command 
Laboratory, Presidio of Monterey, Calif. Lieut., 
M. C. (6, 1942) 

Flosdorf, Earl W., Ph.D. 305 Lincoln Ave.,' 
Lansdowne, Pa. Research — University of Penn- 
sylvania School of Medicine. (6,1941) 

Floyd, Cleveland, M.D., Sc.D. 246 Mariborough 
St., Boston, Mass. Chief Examiner, Boston 
Health Dept. (G, 1916) 

Folch, Jordi, M.D. Rockefeller Institute for 
Medical Research, New York City. Associate. 
(2, 1941) 

Follensby, Edna M., Ph.G. 80 E. Concord St., 
Boston, Mass. Research Assistant, Evans Me- 
morial. (G, 1933) 

Follis, Richard H., Jr., M.D. Johns Hopkins 
Hospital, Baltimore, Md. Associate in Pathol- 
ogy, The Johns Hopkins University. (4, 1942) 

Foot, Nathan Chandler, M.D. 340 E. 72nd St., 
New York City. Professor of Surgical Pathol- 
ogy, Cornell University Medical College; Surgical 
Pathologist, New York Hospital. (4, 1924) 

Forbes, Alexander, A. M., M.D. Harvard Medi- 
cal School, Boston, Mass. Professor of Physi- 
ology; Member of the National Academy of 
Sciences. (L 1910) 

Forbes, Ernest B., Ph.D. State College, Pa. 
Director of the Institute of Animal Nutrition. 
(1, 1917; 5, 1935) 

orbes, Henry S., M.D. Forest St., Milton, Mass. 
Associate in Neuropathology, Harvard Medical 
School. (li 1931) 

Forbes, John C., M.A., Ph.D. Medical College of 
Virginia, Richmond. Associate Professor of 
Biochemistry. (2, 1937) 

Forbes, William H., M.A., Ph.D.* Harvard Uni- 
versity, Fatigue Laboratory, Boston, Mass. 
Research Fellow, Assistant Director of Fatigue 
Lab., Assistant Professor of Industrial Physiol- 
ogy- (1> 1943) 

Foster, G. L., Ph.D. College of Physicians and 
Surgeons, 630 W. 168th St., New York City. 
Associate Professor of Biological Chemistry. 
(2, 1923) 

Foster, Harry E., M.D. Cutter Laboratory, 
Berkeley, Calif. Medical Director. (6, 1913) 

Foster, Robert H. K., Ph.D., M.D. 160 Church 
St. Nutley,N.J. Pharmacologist, Hoffman-La 
Roche, Inc. (1. 1940) 

Fothergill, LeRoy D., M.D. Naval Medical Center, 
Bethesda, Md. Assistant Professor of Bacteriol- 
ogy and Immunology, Harvard Medical School. 
Now serving as Lt. Comdr. ill. C., U. S. Naval 
Reserve. (6, 1936) 

Fraenkel-Conrat, Heinz, M.D., Ph.D. Western 
Regional Research Laboratory, Protein Division, 
Albany 6, Calif. Associate Research Chemist. (2, 
(1942) 


Francis, Thomas, Jr., M.D., M.S., Sc.D. (hon.). 
School of Public Health, University of Michigan, 
Ann Arbor. Professor of Epidemiology. (4, 
1940; 6, 1930) 

Franke, Florent E., M.D. 9 Sylvester, Webster 
Groves, Mo. Assistant Professor of Physiology, 
St. Louis University School of Medicine. (1 
1934) 

Frankel, Edward M., Ph.D. 214 River Rd. 
Nyack, N. Y. (2, 1916) 

Fraser, Alexander MacLeod, A.M., M.D., C.M. 
McGill University, Montreal, Canada. Lec- 
turer in Pharmacology. (3, 1939) 

Fraser, Donald T., M.B. Connaught Labora- 
tories, University of Toronto, Toronto 5, Canada. 
Professor of Hygiene and Preventive Medicine. 
(6, 1935) 

Freeman, Harry, M.D. Worcester State Hospital, 
Worcester, Mass. Internist, Research Service. 
(1, 1939) 

Freeman, Norman, E., M.D. University of Penn- 
sylvania Medical School, Philadelphia. J. Wm. 
While Assistant Professor of Research Sxirgery. 
(1, 1936) 

Freeman, Smith, M.D., Ph.D. Northwestern 
University School of Medicine, 303 E. .Chicago 
Ave., Chicago, 111. Assistant Professor of 
Physiology and Pharmacology. (1, 1937) 

Freund, Jules, M.D. Bureau of Laboratories, Foot 
of E. 15th St., New York, N. Y. Assistant Direc- 
tor. (4, 1930; 6, 1924) 

Friedgood, Harry B., M.D. Harvard Medical 
School, Boston, Mass. Instructor in Medicine. 
(1, 1936) 

Friedemann, Theodore E., M.A., Ph.D. North- 
western University Medical School, 303 E. 
Chicago Ave., Chicago, 111. Associate Professor 
of Physiology. (2, 1925) 

Friedemann, Ulrich, M.D. Department of Bac- 
teriology, The Jewish Hospital of Brooklyn, 
Classon and St. Marks Ave., Brooklyn, N. Y. 
(6, 1938) 

Friedewald, William F., , M.D. Internationa 
Health Division, The Rockefeller Foundation, 
66th St. and York Ave., New York City. Mem- 
ber of Staff- (4, 1941) 

Friedman, Maurice H., Ph.D., M.D. 2612 Tilden 
St., Washington, D. C. (1, 1929) 

Friedman, M. H. F., M.A., Ph.D. JclTerson Medi- 
cal College of Philadelphia, 1025 Walnut St., 
Philadelphia, Pa. Assistant Professor of Physiol- 
ogy. (1, 1941) 

Friedman, Nathan B., M.D. Stanford University 
School of Medicine, San Francisco, Calif. In- 
structor in Pathology. Army Medical Museum, 
7th & Independence, Washington, D. C. (4, 1942; 
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Frisch, Arlhur '\V., FU.D., M.O. Collegi' nf Motii- 
cine, IVayiic University, Oeirvtit, Midi. In- 
alritcior. (0, 10,^) 

Frulon, J. S., I'li.D. IJockefeller Institute, fiOlh 
St. .aiu! Vork .\ve., Xew York City. AsuncMe 
in Chcmistnj. (2, tOUS) 

Fulton, John Fnrquhnr, M-.V., Pli.n., M.D. Ynle 
University School of Medicine, Xciv Haven, 
Conn. Sterling Professor of Ph;isiologii. (1, 
1925) 

Funk, Casiniir, D.Se., PIi.D. ISO Iliversiile Drive, 
XeivYork 21. X. Y. (2. 1921) 

Furlh, Jacob, M.D. Cornell University Medical 
CoUepc, 1300 York -Ivc., Xoiv York City. As.so- 
cialc Professor of Pnlhologit, (•!, 1932; C, 1930) 
Gaebler, Oliver H., Ph.D., M.D. Henry Ford 
Ilosintal, Detroit, Mich. Associate in Cltctn- 
istrtt. (2, 1927) 

GalTron, Hans, Pli.D. Clicmieai Deiiartmeni, 
University of Chic.a.eo, CliicaKO, 111. licscarch 
Associate (Assistant Professor). (2, 1911) 

Gaggc, Adolf Pharo, Pli.D. Aoronicdical Re- 
soarcl) Lalximtory, Wriglit Field, Dayton, O. 
Major, dj> Carps, U. S. Army; on karc from 
Vale University and John U. Pierce Laboratory 
of Hygiene. (I, 1939) 

Gainmbos, Robert, M.A., PhD. University of 
Rochester School of Medicine and Dentistry, 
2iX) Crittenden Blvd., Roclioster, X. Y. (1, 1912) 
Gall, Edward A., M.D. Betlicsda Ho.spil.nl, 
Cincinnati, 0. Assistant Professor of Pathology, 
College of 3/cdicinc, University of Cincinnati. 
(A, 1911) 

Gallagher, Thomas F., Pli.D. University of 
Chicago, Chicago, 111. .Associate Professor of 
Biochemistry. (2, 1932) 

Gallup, Willis D., M.S., Ph.D, Oklahoma Agri- 
cultural and Alechanicai College, Stilhvatcr. 
Chemist and Professor of Agricultural Chemistry. 
(2, 1932) 

Gamble, James L., M.D., S.M. 33 Edgehill Rd., 
Brookline, 3Iass, Professor of Pediatrics, Har- 
vard Medical School. (2, 1922; 5, 1933) 

Gahtt, W. Horsley, M.D. Phipps Psychiatric 
CUnic, Johns Hopkins Hospital, B.altimore, Md. 
Associate in Psychiatry. (1, 1935) 

Garbat, Abraham L., M.D. 103 E. 78th St., 
New Y'ork City. Attending Physician, Lenox 
Hill Hospital. (G, 1913) 

Gardner, Leroy V., AI.D. Saranac Laboratory 
tor Study of Tuberculosis, Saranac Lake, N. Y. 
Director of the Trudeau Foundation. (4, 1927) 
Garrey, Walter Eugene, Ph.D., M.D. Vanderbilt 
University School of Aledicine, Nashville, Tenn. 
Professor of Physiology. (1, 1910; 2, 190G) 
Gasser, Herbert S., A.M., M.D., Sc.D. (hon.) 
Rockefeller Institute for Medical Research, 
66th St. and York Ave., New York City. Di- 


rector of Laboratories; .Member of the National 
.Academy of Fcicncrs. (1, 1915; .3, 1921) 

Gates, Olive, M.D. 2.5 Shat tuck St., Ho.sloii, Mn.s.s. 

As.sociatc Pathologist, (A, 1910) 

Gaunt, Robert, Ph.D. Washington Siptarc Col- 
lege, New York Univcr.sity, X’cw Yorlc City. 
Assistant Professor of Biology. (1, 1939) 

Gay, Leslie N., M.D. IIM St. Paid St., B.alti- 
niorc, Md. Director of the Allergy Clinic, 
Johns Hopkins Hospital; Visiting Physician to 
Johns Hopkins Hospital; Associate in Medicine, 
Johns Hopkin.s University. (6, 1927) 

Gelling, E. M. K.. M.S., M.D., Ph.D. University 
of Cliicngo, Cliicago, 111. Frank P. Hixon Dis- 
tinguished Service Professor of Pharmacology 
and Chairman of Department. (1, 1933; 2, 1927; 
3. 1925) 

Gclfnn, Samuel, Ph.D. 51 W, Illinois St., Chi- 
Rigo, 111. Director of Research, Van Pollen 
Pharmaceutical Co. (1, 1930) 

Gollhorn, Ernst, M.D., Ph.D. Room DO, Medical 
Sciences, University of Minnc.sota, iMifincap- 
oli.s. Professor nf Neurophysiology. ( 1 , 1030) 
Gcmmill, Chalmers L., Af.D. School of Aviation 
Medicine, Pcn.sacoln,FI.T. Commander, U.S.N.R. 
(I, W2S;2, 1935) 

Gerard, R. W., Pli.D., M.D, University of 
Cliiwigo, C)iic.ago, 111. Professor of Physiology. 
(1, 1927) 

Gerslenbergcr, Henry John, M.D. IVestcm 
Reserve University, Clovelaml, 0. Professor 
of Pediatrics, School of Medicine, Weslcrn Re- 
serve Universily; Director of Pediatrics, Babies 
and Children's Hospital. (5, 193S) 

GcscII, Robert, M.D. University of Michigan, 
Ann Arbor. Professor of Physiology. (1,1913) 
GcHler, Alexander O., A.M., Ph.D,, LL.D. 400 

E. 29lh St., Now York City'. Professor of Chem- 
istry and Toxicology, Washington Square College 
of New York University. (2, 1916) 

Gey, George Otto. M.D. Cancer Research and 
Tissue Culture Laboratory', Johns Hopkins 
Medical School, Baltimore, Md. Instructor in 
Surgery. (I, 1910) 

Gibbs, Frederick Andrews, M.D. Neurological 
Unit, Boston City Hospital, Boston, Alass. 
Instructor in Neurology, Harvard Medical 
School. (1, 1935) 

Gibbs, Owen Stanley, M.B., Ch.B. (Edin.) 
R.F.D. 4, Box- 35S-A, Mempliis, Tenn. Direc- 
tor, Medical Research Division, Plough, Inc. 
(1, 1935 ; 3. 1930) 

Gibson, Robert Banks, Ph.D. University Hos- 
pital, Iowa City, Iowa. Associate Professor of 
Biochemistry, State University of Iowa. (I, 
1907; 2, 1906) 

Gies, William John, M,S., Ph.D., Sc.D., LL.D., 

F. A.C.D. 632 W. 168th St., New York City. 
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Professor of Biological Chemistry, Columbia 
University. (1, 1898; 2, 1906; 3, 1909) 

Gilbert, Ruth, A.M., M.D. R.F.D. 2, Altamont, 
N. Y. Bacteriologist, New York State Depart- 
ment of Health, Albany. (G, 1920) 

Gilman, Alfred, Ph.D. 211 East Lake Ave., Balti- 
more 12, Md. (1, 1935; 3, 1934) 

Gilson, Arthur S., Jr., A.M., Ph.D. Washington 
University Medical School, St. Louis, Mo. 
Associate Professor of Physiology. (1, 1927) 
Githens, Thomas Stotesbury, M.D. The Cam- 
bridge, Wissahickon and Chelten Aves., Ger- 
mantown, Philadelphia, Pa. (1, 1915) 

Givens, Maurice H., Ph.D. 1750 N. Ashland 
Ave., Chicago, 111. Biochemist, Northwestern 
Yeast Company. (1, 1917 ; 2, 1915) 

Glaser, O. C., Ph.D. Amherst College, Amherst, 
Mass. Professor of Biology. (1, 1913) 

Glazko, Anthony J., Ph.D. 2319 College Ave., 
Berkeley, Calif. Naval Laboratory Research 
Unit A^o. 1, University of California, Berkeley. 
(1, 1942) 

Glick, David, Ph.D. Russell-Miller Milling Co. 
Minneapolis, Minn. Head, Vitamin and Enzyme 
Research. (2, 1936) 

Goebel, Walther F., Ph.D. The Rockefeller In- 
stitute for Medical Research, 66th St. and 
York Ave., New York City. Associate Member. 
(2, 1929; 6, 1937) 

Goerner, Alfred, Ph.G., Pharm. D., M.D. Long 
Island College of Medicine, 350 Henry St., 
Brooklyn, N. Y. Associate Professor of Bio- 
logical Chemistry. (2, 1939) 

Goettsch, Marianne, Ph.D. School of Tropical 
Medicine of Columbia University, San Juan, 
Puerto Rico. Assistant Professor of Chemistry. 
(2, 1933; 5, 1941) 

Gold, Harry, AI.D. 1300 York Ave., New York 
City. Assistant Professor of Pharmacology, 
Cornell Medical College. (3, 1927) 

Goldblatt, Harry, M.D. Western Reserve Uni- 
versity, Cleveland, 0. Professor of Experi- 
mental Pathology, and Associate Director, In- 
stitiite of Pathology. (4, 1927) 

Goldfarb, Walter, jM.D. 120 Station Hospital, 
A. P. 0. 50S, New York, N. Y, Captain, M.C. 
(1, 1938) 

Goldforb, A. J., Ph.D. College of the City of 
New York, New York City. Professor of 
Biology. (1, 1930) 

Goldring, William, AI.D. New York University 
College of Medicine, 477 First Ave., New York 
City. Assistant Professor of Medicine. (1, 
1939) 

Goldschmidt, Samuel, Ph.D. University of Penn- 
sylvania Medical School, Philadelphia. Asso- 
ciate Professor of Physiology. (1, 1919; 2, 1915) 
Goldsmith, Grace A. Tulane University of 
Louisiana, New Orleans. (5, 1943) 


Goodman, Louis Sanford, AI.A., M.D. University 
of Vermont College of Medicine, Burlington. 
Professor of Pharmacology and Physiology and 
Chairman of the Department. (3, 1937) 

Goodner, Kenneth, Ph.D. Rockefeller Institute, 
66th St. and York Ave., New York City. Asso- 
ciate. (6, 1932) 

Goodpasture, Ernest William, AI.D. Vanderbilt 
University Medical School, Nashville, Tenn. 
Professor of Pathology, (4, 1923) 

Gordon, Albert S., M.S., Ph.D. Washington 
Square College of Arts and Sciences, New York 
University, New York City. Instructor in 
Biology. (1, 1942) 

Gordon, Harry H., M.D. 525 E. 68th St., New 
York City. Associate in Pediatrics, Cornell 
University Medical School; Associate Attending 
Pediatrician, New York Hospital; Medical 
Officer, U. S. Dept. Labor. (5, 1940) 

Gordon, William G., AI.A., Ph.D. Eastern Re- 
gional Research Laboratory, U. S. Department 
of Agriculture, Chestnut Hill Station, Phila- 
delphia, Pa. Associate Chemist. (2, 1939) 
Goss, Harold, Ph.D. University of California 
College of Agriculture, Davis. Associate Pro- 
fessor in Animal Husbandry. (2, 1936; 5, 1933) 
Gottschall, Russell Y., AI.S., Ph.D. Bureau of 
Laboratories, Michigan Department of Health, 
Lansing. Bacteriologist. (6, 1939) 

Goudsmit, Arnoldus, Jr., M.D., Ph.D. Doctors 
Hospital, 17th and Summer Sts., Philadelphia, 
Pa. Director of Laboratories; Research Assistant, 
Philadelphia General Hospital, 1st Lieut. M.C., 
Station Hospital, Chanute Field, Rantoul, III. 
(1, 1940) 

Grabfield, G. Philip, M.D. The Longwood Medi- 
cal Building, 319 Longwood Ave., Boston, Mass. 
Associate in Medicine and Pharmacology, Har- 
vard Medical School. (At present on leave of 
absence; Col. M. C., U. S. Army.) (3, 1923) 
Grady, Hugh G., M.D. Fitzgerald-Mercy Hos- 
pital, Darby, Pa. Director of Laboratories. 
(4, 1940) 

Graef, Irving, AI.D. New York University Col- 
lege of Aledicine, New York City. Associate 
Professor of Pathology; Pathologist, Bellevue 
Hospital and New York University Clinic. 
(4, 1941) 

Graham, Clarence H., Ph.D. Brown University, 
Providence, R. I. Professor of Psychology. 
(1, 1933) 

Graham, Helen Tredway, A.M., Ph.D. Euclid 
Ave. and lungshighway, St. Louis, Mo. Asso 
dale Professor of Pharmacology, Washington 
University School of Medicine. (L 1933, < 

Grant, R. Lorimer, M.S., Ph.D. Division of 
Pharmacology, Food and Drug Administra i > 
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Fcilcwl Sorurity A);i'ncy, WnshiiiKtou 25, 14. C. 
Phnrmacologim. (2, I95S) 

Granbnrd, Mark, Ph.14. Ociwrtiiu'nt of 

IJiclopy, Clark UniviTaity, Worocstor, Mass. 
Rcfcarch Afsociatc. (I, 1010) 

Graucr, Uolicrt C., M.D. Alloplicuy GcucrO 
Ho.'^pital, I’ittsl'urpli, Fa. Jlfatl <>/ Dciiarlmrnt 
of Ixenarch in linfocrinologii and Mflaliolisiii, 
IFiiimm li. Sinpcr Mniwrinl Research Lahora- 
(ort/; Ltelurer in Patliolopy, School of Medicine, 
Unirersil;/ of Pittsburgh. (.1, 1911) 

Graves, Sluarl, M.D. Selioo! of Medicine, 
University of .Mabarna, University. Dean and 
Professor of Pathology. (G, 191S) 

Gray, Jolm S., M.S., Pli.D. llesearcli Division, 
School of Aviation Medicine, Randolph Field, 
Tex.as. Assistant Professor of Physiology, 
Kortlneestcrn Unieersily Medical School, 
Chicago, III. (on Icarc). (1, 1937) 

Gray, Samuel H., M.D. The ,Icwish Ilospit.al of 
St. lyouis, Kingsliighway and Forest P.ark llK'd., 
St. Ixiuis, Mo. Pathologist, Jewish Hospital; 
Director of Laboratories, City Hospital; .-f.s.to- 
ci’atc Professor of Pathology, Washington Uni- 
rcrsily. (4, 1939) 

Greaves, J. D., M.S., Ph.D. Washington Uni- 
versity School of Medicine, Scott and Euclid 
Aves.. St. lyOuis, Mo. Instructor in Dialogical 
Chemistry. (2, 103S) 

Greaves, Joseph E., Ph.D. Utah State Agricid- 
tural College, Logan. Professor and Head of 
Department of Bacteriology and Biochemistry. 
(2, 1910) 

Greeley, Paul O., A.M., Ph.D., M.D. University 
of Southern California Medical School, Univer- 
sity Park, Los Angeles. Associate Professor of 
Medical Physiology. (1, 1910) 

Green, Arda A., M.D. School of Medicine, 
Washington University, St. Louis, Mo. Re- 
search Associate in Pharmacology. (2, 1932) 
Green, Daniel, M.S., M.D. Camp Sutton Station 
Hospital, Charlotte Substation, Charlotte, N. C. 
Instructor, Pharmacology and Therapeutics, 
University of Tennessee (.on leave); Chief of the 
Medical Service, Camp Sutton Station Hospital, 
Charlotte Substation, U. S. Army. (3, 1942) 
Green, David E., Ph.D . Department of Medicine, 
College of Physicians and Surgeons, Columbia 
University, New York City. Associate in Bio- 
chemistry. (2, 1941) 

Green, Harold David, M.D. Western Reserve 
University, School of Medicine, Cleveland, O. 
Associate Professor of Physiology. (I, 1936) 
Green, Robert, M.A., M.D. 223 Millard Hall, 
University of Minnesota, Minneapolis. Profes- 
sor of Bacteriology and Immunology. (6, 1930) 
Greenberg, David Morris, Ph.D. University of 
California, Berkeley. Professor of Biochemistry. 
(2. 1927) 


Grceiio, Carl llnriley, Ph.D., M.D. 101 Clinton 
Ave., Brooklyn, N. A‘. Associate Clinical 
Professor of Medicine, Hew York Posl-Oraduatc 
Medical School of Columbia L'nirersity; Clinical 
Professor of Medicine, Long Island College of 
.Medicine. (\, 1921 j 2, 1922; 1, 1921) 

Greene, Charles Wilson, A.M., Pli.D. 811 Vir- 
ginia Ave., Columbia, Mo. Lecturer in Physi- 
ology, Stanford University; Professor Emeritus 
of Physiology and Pharmacology, University of 
.Missonri. (1. 1900 ; 2, 1910; 3, 1009) 

Greene, Harry S. N,, M.D., C.M. Dcp.artmcnt of 
Pathology, Ynlo University School of Medicine, 
New Haven, Conn. Professor of Pathology. (1, 
1937) 

Greene, James Alexander, M.D. B.aylor Uiiivor- 
.sity, College of Medicine, Bufiinlo Drive., Hous- 
ton, Texas. Professor and Chairman of the De- 
partment of Inlernnl .Medicine and Dean of the 
Clinical Faculty. (1, 1939) 

Greene, Ronald R., M.S., M.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Cliic.ago, 111. Instructor in Physiology; Instruc- 
tor tn Ohslctric.s and Gynecology. (1, 1911) 
Grcengnrd, Harry, Ph.D., M.D. Northwestern 
University Medical School, .303 E. Chic.ngo Ave., 
Chic.ago, III. Assistant Professor of Physiology. 
(1. 1939) 

Greenstein, Jesse P., Ph.D. National Cancer In- 
stitute, Bethesda, Md. Senior Biochemist. (2, 
1035) 

Grcenwald, Isidor, Ph.D. 177 First Ave., Now 
A'ork City. .iRsocintc Professor of Chemistry, 
New York University College of Medicine. 
(2, 1912; 5. 1933) 

Creep, Roy O., Ph.D. Squibb Institute for Medi- 
cal Research, New Brunswick, N. J. Research 
Associate in Pharmacology. (1, 1940) 

Greer, C. M., M.S. Vanderbilt University School 
of Medicine, Nashville, Tenn. Research Asso- 
ciate in Pharmacology. (3, 1938) 

Gregersen, Magnus L, A.M., Ph.D. College of 
Physicians and Surgeons, Columbia University, 
630 W. ICSth St., New York City. Professor of 
Physiology. (1, 1933) 

Gregg, Donald Eaton, M.S., Ph.D. Department 
of Medicine, Western Reserve Medical School, 
2109 Adelbert Rd., Cleveland, O. Associate 
Professor of Physiology. (1, 1933) 

Greisheimer, Esther M., Ph.D., M.D. Division of 
Anesthesia, University of Minnesota, Minneap- 
olis. Assistant in Anesthesia. (1, 1925) 

Griffin, Angus, Ph.D. Department of Bacteri- 
ology, George Washington University School 
of Medicine, 1335 H St., N.W., Washington, 
D. C. Assistant Professor of Bacteriology. 
(6, 1940) 

Griffith, Fred R., Jr., M.A., Ph.D. 24 High St., 
Buffalo, N. Y. Professor of Physiology, Uni- 
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versity of Bxiffalo Medical School. (1, 1923; 
5, 1933) 

Griffith, Wendell H., M.S., Ph.D. APO 871, 
New York, N. Y. Ll. Col., Sanitary Corps, 
U. S. Army. On leave as Professor of Biological 
Chemistry, St. Louis University School of Medi- 
cine. (2, 1923; 5, 1934) 

Crimson, Keith S., M.D.* Duke University School 
of Medicine, Durham, N. C. Associate Professor 
of Surgery. (1, 1943) 

Groat, William A., M.D. 713 E. Genesee St., 
Syracuse, N. Y. Professor of Clinical Pathology, 
Syracuse University College of Medicine. (6, 
1917) 

Grollman, Arthur, M.D., Ph.D. Dept, of Medi- 
cine, Bowman Gray School of Medicine of Wake 
Forest College, Winston-Salem, N. C. Research 
Professor of Medicine; Associate Professor of 
Physiology and Pharmacology . (1, 192S; 3, 1933) 
Gross, Erwin G., Ph.D., M.D. Medical Labora- 
tories, State University of Iowa, Iowa City. 
Professor of Pharmacology. (1, 1927; 2, 1923; 
3, 1927) 

Gross, Robert E., M.D. Harvard Medical School, 
30b Longwood Avo., Boston, Mass. Assistant 
Professor of Surgery. (4, 1940) 

Gruber, Charles M., A.M., M.D., Ph.D. .Jeffer- 
son Medical College, 1025 Walnut St., Philadel- 
phia, Pa. Professor of Pharmacology. (1,1914; 
3, 1919) 

Gruhzit, Oswald M., M.D. Research Laboratories, 
Parke, Davis & Co., Detroit, Mich. Research in 
\ ' Pathology and Pharmacology. (4, 1928) 

’ undfest, Harry, A.M., Ph.D. Rockefeller 
Institute for Medical Research, 66th St. and 
York Ave., New York City. Assfstani in 
Physiology. (1, 1932) 

Gudernatsch, F., Ph.D. Graduate School, New 
York University, Washington Square E., New 
York City. Visiting Professor. (1, 1930) 

Guerrant, N. B., M.S., Ph.D. Pennsylvania 
State College, State College. Professor of 
Biological Chemistry . (2, 1934; 5, 1933) 

Guest, George Martin, M.S., M.D. The Chil- 
dren’s Hospital, Research Foundation, Elland 
and Bethesda Aves., Cincinnati, 0. Fellow of 
the Children’s Hospital Research Foundation; 
Associate Professor of Pediatrics, University of 
Cincinnati, College of Medicine and Graduate 
School. (2, 1933) 

Gulick, Addison, A.M., Ph.D. 30S Westmount 
Ave., Columbia, Mo. Professor of Physiological 
Chemistry^ Uyiivcrsity of Missouri. (1, 1915; 
5, 1933) 

Gunn, Francis D., M.D. Northwestern Univer- 
sity School of Medicine, 303 E. Chicago Ave., 
Chicago, 111. Associate Professor of Pathology. 
(4, 1938) 


Gurin, S., M.S., Ph.D. University of Pennsyl- 
vania School of Medicine, Philadelphia. Assist- 
ant Professor in Physiological Chemistry. (2, 
1938) 

Gustavson, Reuben G., Ph.D. University of 
Colorado, Boulder. Professor of Chemistry 
(2, 1927) 

Gustus, Edwin L., M.Sc., Ph.D. 6505 Delaware 
St., Chevy Chase 15, Md. Research and Develop- 
ment Branch, Military Planning Division, 
OQMG, War Department, Director of Research. 
(2, 1934) 

Guthrie, Charles Claude, M.D., Ph.D., Sc.D. 
University of Pittsburgh Medical School, Pitts- 
burgh, Pa. Professor of Physiology and Phar- 
macology. (1, 1905; 3, 1909) 
de Gutierrez-Mahoney, C. G., M.D. 1032 Andalu- 
sia Ave., Coral Gables, Fla. Associate Profes- 
sor of Neurology, Vanderbilt Univ. School of 
■ Medicine, Nashville, Tenn., Lt. Col., M.C., 
AAF., Regional Station Hospital. (1, 1940- 
4, 1941) 

Gyorgy, Paul, M.D. Babies’ and Children’s 
Hospital, Western Reserve University, 2103 
Adelbert Rd., Cleveland, 0. Associate Pro- 
fessor of Pediatrics. (2, 1938; 5, 1939) 

Haag, Harvey B., M.D. Medical College of Vir- 
ginia, Richmond. Professor of Pharmacology. 
(3, 1934) 

Haag, J. R., Ph.D. Oregon Agricultural E.vperi- 
ment Station, Corvallis. Chemist. (5, 1941) 
Hadley, Philip Bardwell, Ph.D. Institute of 
Pathology, Western Pennsylvania Hospital, 
Pittsburgh. Chief of Bacteriological Service 
and Research Bacteriologist. (4, 1927) 
Hafkesbring, H. Roberta, Ph.D. Woman’s Medi- 
cal College of Pennsylvania, East Falls, Phila- 
delphia. Associate Professor of Physiology. 
(1, 1931) 

Haggard, Howard W., M.D. 4 Hillhouse Ave., 
New Haven, Conn. Director of the Laboratory 
of Applied Physiology, Yale University. (1, 
1919; 2, 1920) 

Hahn, Paul F., Ph.D. Vanderbilt University 
School of Medicine, Nashville, Tenn. Assistant 
Professor of Biochemistry. (4, 1939) 

Haig, Charles, M.A., Ph.D. New York Medical 
College, Flower and Fifth Avenue Hospital, 
Fifth Ave. at 105th St., New York City. Assist- 
ant Professor of Physiology. (1, 1942) 

Haist, Reginald E., M.A., M.D., Ph.D.* Univer- 
sity of Toronto, Toronto, Ontario, Canada. As- 
sistant Professor of Physiology. (I, 1943) 

Haldi, John, A.M., Pli.D. Emory University, 
Emory University, Ga. (1, 1928) 

Hale, Worth, M.D. Harvard Medical School, 
Boston, Mass. Associate Professor of Phar- 
macology. (1, 1908; 3, 1908) 
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Hale, TVnt. M., M.n. The State Uiiiversitj’ of 
lowi Collcpi' of ^^o(li^int', Iowa City. Profrusor 
of Daclcriologtl. (•!. If'H; C'. 1031)) 

Hall, F. G., M.A., I’li.O. Puke University, 
Durlwni, N. C. Professor of Zootogy. (1, 
1037) 

Hall, Gcorco Edward, M.D., I’h.D. B.autinp; 
Institute, University of Toronto, ’I’oroulo, 
Canad.a. Associate Professor. (1, 103S) 

Hall, Vitlor E.. M.A., ^f.D. Pep-artment. of 
Pliysiolofty, St.anford Univcr.sity, C.alif. Profes- 
sor of Physiology. (1, 1031) 

Hnlliday, Nellie, I’h.D. Ilcseareh Pilwmtory, 
Mt. Eion Hospital, San Francisco, Calif. (.I, 
1033) 

Halpcrl. llela, M.D. University of Oklahoma 
School of Medicine, Oklahoma City. Director of 
Laboratories and Professor of Clinical Path- 
ology. {-I, 1030) 

Halsey, John T., -M.D. P. 0. Dox 2fil, Wavcland, 
Miss. Professor Enicritns of Pharmacology, 
Tulanc Unirersily of Lotitsiana. (3, 1020) 
Halstead, IVard C., M.A., Ph.D. Dept, of Medi- 
cine, University of Chicago, Chicago, III. .-Is- 
siXont Professor Fipcrimcnlal Psychology, Di- 
vision of Psychiatry. (1, 1012) 

Ham, Arthur M'., M.D. University of Toronto, 
Toronto 5, Canada. .Issoci'atc Profes.sor of 
Anatomy; in charge of Histology. (-1, 1930) 
Hambourger, Walter E., Ph.D., M.D. G. D. 
Scarlc & Co. (Skokie, 111.), I’. 0. I3ox 5110, 
Chicago, HI. Pharmacologist. (3, 19.31) 
Hamilton, Bengl L. K., M.D., Sc.D. S2G E. 01st 
St., Chicago, III. (2, 1925) 

Hamilton, James B., Ph.D. University of Mis- 
souri, Dept, of .Anatomy, School of Medicine, 
Columbia. .-Issocfatc Professor of Anatomy. (I, 
193S) 

Hamilton, Tom S., M.S., Ph.D. 551 Old .Agricul- 
tural Building, Urbana, 111. Professor of Ani- 
mal Xvtrilion, University of Illinois. (2, 1937; 
5, 193S) 

Hamilton, W. F., Ph.D. University of Georgia 
School of Medicine, Augusta. Professor of 
Physiology and Pharmacology. (1, 1924) 
Hammett, Frederick S., M.S., A-M., Ph.D, 493 
Commercial St., Provincetown, Mass. Scien- 
tific Director, Lankenau Hospital Research 
Institute, Philadelphia, Pa. (1, 1920; 2, 1917) 
Hampel, C. W., Ph.D. New York University 
College of Medicine, New York, N. AT. (1, 
1936) 

Handley, Carroll A., Ph.D. University of South 
Dakota, School of Medical Sciences, l^ermillion. 
Professor of Physiology and Pharmacology, and 
Acting Head of the Department. (3, 1942) 
Haney, Hance F., Ph.D., M.D. University of 
Oregon Medical School, Portland. Professor of 


Physiology and Head of the Dr.parlmc.nl. (I, 
1939) 

Unnficr, Franklin, M.D. College of Physicians 
niul Surgeons, C30 W, IGSth St., New York City. 
Afi.'iocmtc Professar of Medicine, Columbia 
University, (fi, 1930) 

Hnnko, Marlin E., Pli.D. University of Cliic.sgo, 
Chicago, III. Associate Professar of liinchcrnis- 
iry. (2. 1925) 

Hnnko. Milton Then., Ph.D. 7550 .S. Green St., 
Chicago, 111. Research Consultant, HiocUemis- 
Iry and Kntrilion. (2, 1919) 

H.anks, John H., Ph.D. Ciilion, Palawan, PliiJip- 
I)inc Islands. (C, 1935) 

Hnnson, Arlld E., M.D. University of Minnesota 
Medical School, Minnc.apolis. Professor of 
Pediatrics. (4, 1911; 5, 1912) 

Hnnznl, Bnmon Francis, M.A., Ph.D. Institute 
of Pathology, Western Ilcscrvo University, 
Clovel.and, O. Assistant Professor of Pathologi- 
cal Chemistry. (2, 1935) 

Hanzlik, Paul J., .A.M., M.D. School of Medicine, 
Stanford University, Sacramento and Webster 
St.s., San Francisco, Calif. Professor of Phar- 
macology. (1, 1912; 3, 1912) 

Hardy, James Daniel, A.M., Pli.D. RusscIJ 
S.agc Institute of P.atliology, 525 E. OSth St., 
New A'ork City. Research Associate. (1, 1939) 
Hardy, Mary, D.Sc. The Bre.arlcy School, CIO 
E. S3rd St,, New A'ork City. Teacher of Science. 
(1, 1933) 

Hare, Kendrick, Pli.D. State University of Iowa, 
Iowa City. Assistant Professor of Anatomy. 
(1, 193S) 

Hargcr, It. N., M.A., Pli.D. Indiana University 
School of Medicine, Indianapolis. Professor of 
Biochemistry and Toxicology. (2, 193S) 

Harkins, Henry Nelson, M.S., Ph.D., M.D. Johns 
Ifopkins Hospital, Baltimore, Md. Associate 
Professor of Surgery, Johns Hopkins University 
Medical School. (1, 1942) 

Harmon, Paul M., A.M., Ph.D. Indiana Unia-er- 
sity, Bloomington, Professor of Physiology. 
(1, 1930) 

Horne, O. G. University of Maryland School of 
Medicine, Baltimore. Associate Professor of 
Histology. (1, 1935) 

Harned, Ben King, M.S,, Ph.D. AFoman’s Aledi- 
cal College of Pennsylvania, East Falls, Phila- 
delphia. Professor of Pharmacology. (2, 1931; 
3, 1941) 

Harris, Albert H., 2nd, M.D. Loudenville, N. Y. 
(6, 1937) 

Harris, Albert Sidney, Ph.D. AVestern Reserve 
University School of Medicine, Cleveland, O. 
Assistant Professor of Physiology. (1, 1939) 
Harris, Milton, Ph.D. National Bureau of Stand- 
ards, AA’ashington, D. C. Director of Research, 
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Textile Foicndation Research Associaleship. 
(2, 1939) 

Harris, Robert S. Massachusetts Institute of 
Technology, Cambridge. Assistant Professor of 
Nutritional Biochemistry. (5, 1941) 

Harris, William H., M.D. Tulane University 
School of Medicine, New Orleans, La. Assistant 
Professor of Pathology and Bacteriology. (4, 
1925) 

Harrison, Frank, M.S., Ph.D. University of 
Tennessee College of Medicine, Memphis. 
Assistant Professor in Anatomy. (1, 1941) 
Harrison, Ross Granville, M.D., Ph.D., Sc.D. 
Osborn Zoological Laboratory, New Haven, 
Conn. Sterling Professor of Biology, Emeritus, 
Yale University;^ Chairman of the National 
Research Council; Member of the National Acad- 
emy of Sciences. (1, 1906) 

Harrison, R. Wendell, M.S., Ph.D. Ricketts 
Laboratory, University of Chicago, Chicago, 111. 
Associate Professor of Bacteriology. (6, 1934) 
Harrop, George A., M.D. The Squibb Institute 
for Medical Research, New Brunswick, N. J. 
Director. (2, 1922) 

Harrow, Benjamin, M.A., Ph.D. College of the 
City of New York, Convent Ave. and 139th St. 
Professor of Chemistry. (2, 1927) 

Hart, E. B., B.S. Agricultural College, Madison, 
Wis. Professor of Biochemistry, University of 
Wisconsin. (2, 1910; 5, 1933) 

Hartley, Geo., Jr., M.A., Ph.D., M.D. Boston 
University School of Medicine, SO E. Con- 
cord St., Boston, Mass. Assistant Professor of 
Pathology. (4, 1941; 6, 1941) 
artline, H. K., M.D. Johnson Foundation, 
University of Philadelphia, Philadelphia, Pa. 
Assistant Professor of Biophijsics. (1, 1929) 
Hartman, Carl G., A.M., Ph.D. Department of 
Zoology, University of Illinois, Urbana. Pro- 
fessor of Zoology and Head of the Department; 
Member, National Academy of Sciences. (1, 
1921) • 

Hartman, Frank Alexander, A.M., Ph.D. Depart- 
ment of Physiology, Ohio State University, 
Columbus. Professor of Physiology and Chairman 
of the Department. (1, 191G) 

Hartman, F. W., M.D. Henry Ford Hospital, 
Detroit, Mich. Pathologist. (4, 1927) 
Hartmann, Alexis F., M.S., M.D. 500 S. Kings- 
highway, St. Louis, Mo. Professor of Pediatrics, 
Washington University School of Medicine. 
(2, 1932) 

Harvey, E. Newton, Ph.D. Guyot Hall, Prince- 
ton, N. J. Henry Fairfield Osborn Professor of 
Biology, Princeton University; Member, Na- 
tional Academy of Sciences. (1, 1914 ; 2, 1916) 
Hass, George, M.D. Cornell University Medical 
College, 1300 A'ork Ave., New York City. 
Assistant Professor of Pathology. (4, 1939) 


Hastings, A. Baird, Ph.D., Sc.D. Harvard Medi- 
cal School, Boston, Mass. Hamilton Kuhn 
Professor of Biological Chemistry; Member, 
National Academy ^ of Sciences. (1, 1927, 

2, 1921 ; 5, 1940) 

Hatcher, Robert A., Ph.M., M.D., D.Sc. 32-24 
154th St., Flushing, N. Y. Professor of Pharma- 
cology Emeritus, Cornell Univ. Med. College. 
1, 1904; 2, 1906; 3, 1908) 

Haterius, Hans O., Ph.D. Wayne University 
College of Medicine, Detroit, Mich. Professor 
of Physiology. (1, 1936) 

Hauck, Hazel M., Ph.D. Cornell University, 
Ithaca, N. Y. Professor of Home Economics. 
(5, 1941) 

Hauge, Siegfred M., Ph.D. Purdue University 
Agricultural Experiment Station, Lafayette, 
Ind. Research Associate in Biochemistry. (5, 
1933) 

Haury, Victor G., M.D. Jefferson Medical Col- 
lege, Philadelphia, Pa. Associate Professor of 
Pharmacology. (3, 1939) 

Haven, Frances L., M.A., Ph.D. University of 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd., Rochester, N. Y. Asso- 
ciate in Biochemistry . (2, 1941) 

Hawk, Philip B.,. M.S., Ph.D. 48-14 33rd St., 
Long Island City, N. Y. President, Food Re- 
search Laboratories, Inc. (1, 1903; 2, 1906) 

Hawkins, J, E., Jr., B.A. (0.\'on), Ph.D.* Harvard 
Medical School, Boston, Mass. Instructor in 
Physiology. (1, 1943) 

Hawkins, William Bruce, M.D. University of 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd., Rochester, N. Y. Asso- 
ciate Professor of Pathology. (4, 1933) 

Hawley, Estelle E,, Ph.D. Medical School, Uni- 
versity of Rochester, Rochester, N. Y. Research 
Fellow in Pediatrics. (5, 1935) 

Hayman, J. M., Jr., M.D. Lakeside Hospital, 
Cleveland, 0. Professor of Clinical Medicine 
and Therapeutics, Western Reserve University. 
(1, 1928 ; 3, 1932) 

Haynes, Florence W., M.A., Ph.D. Harvard 
Medical School, 25 Shattuck St., Boston, Mass. 
Research Fellow in Medicine. (1, 1937) 

Haythorn, Samuel R., M.D. Allegheny General 
Hospital, 320 E. North Ave., Pittsburgh, Pa. 
Director of William H. Singer Memorial Labora- 
tory. (4, 1925) 

Haywood, Charlotte, A.M., Ph.D. Mount Hol- 
yoke College, South Hadley, A4ass. Professor 
of Physiology. (1, 1939) 

Hazen, Elizabeth L., M.A., Ph.D. New York 
State Department of Health Laboratories, 339 
E. 25th St.’, New York City. Senior Bacteriolo- 
gist. (6, 1931) 
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Heard. U. 1). IL, M.A., Ph.O. Dallmusie Uni- 
versity, Halifax, Nova Scotia. Asaintaiil Pro- 
fessor of Hineliriiiistry. (2, 102S) 

Hechl, Selic, Ph.I'). ColimiWa Uiiivoraity, Xew 
A'ork City. Professor of Ih'ophiisics, (1, 1920) 
Heft, Hattie I,., Ph.D. Teachers Colle(jo, Coluin- 
hia Univer.sity, New York City. Assistant 
Professor of Physiological Chemistry. (2, 1927) 
HcRnauer, Albert H.. Ph.D, Syntcu.se Univer- 
sity. Syracviso, X. Y. A.ssistnnl Professor of 
Physiology. (1, 19.17) 

HcidelberKcr, Michael, Ph.D., M..\. 020 \V. 
ICSth St., Xew York City. .'Issocfotc Professor 
of Biological Chemistry, Columbia Utiirersily; 
Chemist to the .Medical Scrrice, Presbyterian Hos- 
pital. (2, 1927; G. 1035) 

Heilbrunn, Lewis Victor, Ph.D. University of 
Pennsylvania, Philadelphia. Professor of Zo- 
ology. (1, 1930) 

Heim, J.IYilUam, Ph.D. Aero-Medical Lalwnitory, 
.Army .Air Forres, Wripht. Field, Daj’ton, 0. 
Senior Bcscarch Physiologist; Assistant in Phys- 
iology, llarrard School of Public Health. (1, 
1030 

Hcinbccker, Peter, M.D. Washington Univer- 
sity Medical School, St. Louis, Mo. Associate 
Professor of Surgery. (1, 1930) 

Helff, O. M., M.S., Ph.D. Now York University, 
University Heights, Xew Y’ork City, Associate 
Professor of Biology. (1, 1932) 

Hellbaum, Arthur A., M.A., Ph.D. University 
of Oklahoma School of Medicine, Oklahoma Citj'. 
Assistant Professor of Physiology. (1, 1937) 
Hellebrandt, Frances Anna, M.D. Wisconsin 
General Hospital, Madison. Research Associate 
in Physiology and .Associate Professor of Physical 
Therapy, University of Wisconsin. (1, 1933) 
Heller, A'ictor G., Ph.D. Oklahoma A. & M. 
College, Stillwater. Professor and Head of the 
Department of Agricultural Chemistry Research. 
(2, 1935; 3, 1935) 

Hellerman, Leslie, Ph.D. Johns Hopkins Uni- 
versity School of Medicine, 710 X. Wasliington 
St., Baltimore, Md. Associate in Physiological 
Chemistry. (2, 1935) 

Helmer, Oscar Marvin, M.S., Ph.D. Lilly Labo- 
ratory for Clinical Research, The Indianapolis 
City Hospital, Indianapolis, Ind. Head of 
Department of Physiological Chemistry; Research 
Associate in the Department of Medicine, Indiana 
University School of Medicine. (2, 1935) 
Hemingway, Allan, Ph.D. 210 Millard Hall, 
University' of Minnesota, Minneapolis. Assist- 
ant Professor of Physiological Chemistry; Tem- 
porarily at School of Aviation Medicine, 
Randolph Field, Texas. (1. 1933) 

Henderson, Velyien E., M.A., M.B., F.R.S.C, 
Medical Bldg., University of Toronto, Toronto, 


Out., Canada. Professor of Pharmacology and 
Pharmacy. (1, 1905; 3, 1911) 

Henderson, VnndcII, Ph.D., M.D. (hon.). AIO 
Prospect. St., Xew Haven, Conn. Professor of 
Physiology Bmcritus, Yale University; Member, 
Xotional Academy of Sciences. (1, 1900; 2, 1919; 
.1, 1911) 

Hendrix, Byron M., Ph.D. School of Medicine, 
University of Texas, Galveston. Professor of 
Biochemistry. (2, 1920) 

Hendrix, James Paisley, M.A., M.D. Duke 
Ho.spifnl, Durham, X. C. Associate in Medicine 
(in charge of Therapeutics); Associate in Physi- 
ology and Pharmacology, Duke University School 
of Medicine. (3, 1912) 

Hendry, Jc.ssic L., M.A. Division of Laboratories 
and Research, X'cw York Stale Department of 
Health, Xew Scotland Av'c., Albany. Senior 
Bacteriologist. (C, 193S) 

Henie, Werner, M.D. University of Pennsyl- 
vania, Pliilndelpliia. Assistant Professor of 
Bacteriology in Pediatrics. (G, 193S) 

Hepburn, Joseph Samuel, A.M., M.S., Ph.D., 
M.D. 235 X. IStli St., Philadolpliia 2, Pa. Pro- 
fessor of Chemistry and Research Associate in 
Gastro-Entcrology, Hahnemann Medical College 
and Hospital. (2, 1015) 

Hcplcr, Opal, Pli.D., M.D. Xorthwestern Uni- 
versity Mcdioal School, 303 E. Chicago Avo., 
Cbicigo, 111. Assistant Professor of Pathology, 
(4. 1939) 

Herbst, R. M., Ph.D. KnoIIwood Road, Short 
Hills, X. J. Assistant Professor of Organic Chem- 
istry, New York University. (2, 193S) 

Herrick, C. Judson, Ph.D. 236 Morningside 
Drive, Grand Rapids, Mich. Professor Emeri- 
tus of Neurology, University of Chicago; Member 
of the National Academy of Sciences. (1, 1907) 

Herrick, Julia F., M.A., Ph.D. Fort Monmouth, 
X. J. -Associate Physicist, Signal Service at 
Large; Assistant Professor of Biophysics, Uni- 
versity of Minnesota; Associate in the Division 
of Experimental Medicine, Mayo Foundation 
(on leave). (1, 1933) 

Herrin, Raymond C„ Ph.D., M.D. University of 
AVisconsin Medical School, Madison. Associate 
Professor of Physiology. (1, 1932) 

Herrington, Lovic P., M.A., Ph.D. 290 Congress 
Avc., Xew Haven, Conn. Associate Director, 
John B. Pierce Laboratory of Hygiene; Research 
Associate Professor, Dept, of Public Health, 
Yale Medical School. (1, 1942) 

Herriott, Roger M., Ph.D. Rockefeller Institute 
for Medical Research, Princeton, N. J. Asso- 
ciate. (2, 1940) 

Herrmann, George, Ph.D., M.D. University of 
Texas, Medical Branch, Galveston. Professor of 
Medicine. (4, 1925) 
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Herrmann, Julian B., M.D. Yale School of 
Medicine, New Haven, Conn. Research Assist- 
ant in Pharmacology. (3, 1941) 

Herrmann, Louis George, M.D. Cincinnati Gen- 
eral Hospital, Cincinnati, 0. Associate Pro- 
fessor of Surgery, University of Cincinnati 
College of Medicine. (4, 1933) 

Hershey, A. D„ Ph.D. Washington University 
School of Medicine, St. Louis, Mo. Assistant 
Professor of Bacteriology and Immunology. 
(6, 1942) 

Herlig, Arthur T., M.D. Harvard University Medi- 
cal School, 221 Longwood Ave., Boston, Mass. 
Assistant Professor of Pathology and Assistant 
Professor of Obstetrics. (4, 1941) 

Hertz, Saul, M.D. Massachusetts General Hos- 
pital, Fruit St., Boston. Research Associate, 
Harvard Medical School and Massachusetts 
Institute of Technology. (4, 1935) 

Hertzman, Alrick B., Ph.D. St. Louis University 
School of Medicine, St. Louis, Mo. Professor 
of Physiology and Director of the Department. 
(1, 1925) 

Herwick, Robert P., Ph.D., M.D. U. S. Food 
and Drug Administration, Washington, D. C. 
Senior Pharmacologist and Assistant Chief, 
Drug Division. (3, 1938) 

Hess, Charles L., M.S., M.D. 308 Davidson 
Bldg., Bay City, Mich. (1, 1916) 

Hess, Walter C., Ph.D. Chemo-Medical Research 
Institute, Georgetown University, Washington, 
D. C. Associate Research Professor. (2, 1935) 
Hetherington, Albert W,, M.S., Ph.D.* North- 
western University Medical School, 303 E. Chi- 
cago Ave., Chicago, III. Instructor in Neurology. 
(1, 1943) 

Hewitt, Earl Albon, M.S., Ph.D. Iowa State 
College, Ames. Associate Professor of Veter- 
inary Physiology. (1, 1932) 

Hewitt, Julia A. W., B.A. Nassau Hospital, 
Mineola, N. Y. Senior Technician, in charge. 
(6, 1921) 

Heyroth, Francis F., M.D., Ph.D. Kettering 
Laboratory, College of Medicine, University of 
Cincinnati, Cincinnati, 0. Assistant Professor 
of Applied Physiology. (2, 1935) 

Hiatt, Edwin P., M.A., Ph.D. Vanderbilt Uni- 
versity School of Medicine, Nashville, Tenn. 
Instructor in Physiology. (1, 1942) 

Higgins, Harold Leonard, M.D. 322 Franklin, 
Newton, Mass. Assistant Professor of Pediatrics, 
Harvard University. (1, 1914; 5, 1933) 

Hill, Edgar S., M.S., Ph.D. Washington Uni- 
versity, College of Dentistry, St. Louis, Mo. 
Associate Professor of Biological Chemistry and 
Physiology. (2, 193G) 

Hill, Robert M., M.S., Ph.D. 4200 E. 9th Ave., 
Denver, Colo. Associate Professor of Biochem- 


istry, University of Colorado Medical School. 
(2, 1933) 

Hill, Samuel E., M.A., Ph.D. Russell Sage Col- 
lege, Troy, N. Y. Professor of Biology. (1, 
1934) 

Hiller, Alma, Ph.D. Rockefeller Institute for 
Medical Research, 66th St. and York Ave., 
New York City. Associate. (2, 1929) 
Himmelsbach, C. K., M.D. U.S.P.H.S. Hospital, 
Lexington, Ky. Passed Assistant Surgeon. 
(3, 1938) 

Himwich, Harold E., M.D. Albany Medical 
College, Albany, N. Y. Professor of Physiology 
and Pharmacology. (1, 1925 ; 5, 1933) 

Hines, Harry M., M.S., Ph.D. The State Uni- 
versity of Iowa, Iowa City. Professor of Physi- 
ology. (1, 1928) 

Hines, Marion, Ph.D. Johns Hopkins Medical 
School, Baltimore, Md-. Associate Professor of 
Anatomy. (1, 1932) 

Hinrichs, Marie, Ph.D., M.D. Southern Illinois 
Normal University, Carbondale. Associate Pro- 
fessor of Physiology; Head of Student Health 
Service. (1, 1928) 

Hinsey, Joseph C., M.S., Ph.D. Cornell Univer- 
sity Medical College, 1300 York Ave., New York 
City. Professor of Anatomy and Dean of the 
Medical College. (1, 1929) 

Hisaw, Frederick L., A.M., Ph.D. The Biological 
Laboratories, Harvard University, Cambridge 
Mass. Professor of Zoology. (1, 1932) 
Hitchcock, David I., Ph.D. 333 Cedar St., Now 
Haven, Conn. Associate Professor of Physiol- 
ogy, Yale University. (2, 1930) 

Hitchcock, Fred A., M.Sc., Ph.D. Ohio State 
University, Columbus. Associate Professor of 
Physiology. (1, 1927 ; 5, 1933) 

Hitchings, George H., M.S., Ph.D. 17 Priscilla 
Ave., Tuckahoe, N. Y. Biochemist, Burroughs, 
Wellcome db Co. (2, 1942) 

Hjort, Axel M., M.D., Ph.D. 14 Fern Way (P. 0. 
Box 281), Scarsdale, N. Y. Private practice; 
research ivorJc at Grasslands Hospital. (2, 1925) 
Hoagland, Charles L., M.D. Rockefeller Insti- 
tute, 66th St. and York Ave., New York City. 
Associate Member. (G, 1940) 

Hoagland, Hudson, M.S., Ph.D. Clark Univer- 
sity, Worcester, Mass. Professor of Physiology 
and Chairman of the Department of Biology. 
(1, 1932) 

Hober, Rudolf. Universit 5 ' of Pennsylvania Medi- 
cal School, Philadelphia. Visiting Professor of 
Physiology. (1, 1936) 

Hodes, Robert, Ph.D. .Tohnson Foundation, Uni- 
versity of Pennsylvania, Philadelphia. J ohnson 
Foundation Fellow in Medical Physics. (L 
1941) 

Hodge, Harold C., Ph.D. University of Rochester 
School of Medicine and Dentistry, Rochester, 
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X. Y. .Issocmlf /’ro/rssor of Hiochrmistry 
and Pharmacologif. (2, 1937) 

Hoff, Ebbc Curtis, M.A., I’li.D. Depurtmoul of 
Physiology, Yolo Uuivorsity School of Moiliciiu;, 
333 Co.lar St., New Haven, Conn. (1, 1933) 

Hoff, Hcbbcl E., M.A., Ph.D. McGill ITnivor.sity, 
Moiitrc.ll, Quebec, Ciniili. Professor of Plii/s- 
Mogii. (1, 1933) 

Hoffman, Olive, M.S., Ph.D. Presbyterian Hos- 
pit.ll, 51 X. 39th St., Philadclphi.i, Pa. (1, 1935) 
Hoffman, 'William Samuel, Pli.D., M.D. 710 S. 
Wolcott .\ve., Cliic.ipo, 111. Professor of Phjsi' 
olagica! Chemistrij and .l.i.'socinfc Professor of 
}fedicine, Chicago Medical SchooL (2, 1935) 
Hogan, Albert G., A.M., Ph.D. 105 Schweitzer 
II.ill, Columbia, Mo. Professor of .•Inimnf 
Kiitrilioii, Unircrsily of Missouri. (2, 191C; 
5, 1933) 

Hogness, Thorfin H., Ch.E., Ph.D. George Her- 
bert Jones Chemical Liiiomtory, University of 
Chicago, Chiaigo, 111. Professor of Chemistry. 
(2, 1941) 

Hoick, Har.ild G. O., Ph.D. College of Pharmacy, 
University of Xebraska, Lincoln. Depts. of Phys- 
iology and Pharmacology, Associate Professor 
of Pharmacology. (1, 1935; 3, 193S) 

Hollander, Franklin, Ph.D. Mount Sinai Hos- 
pital, Fifth Avc. and 100th St., Xcw York City. 
Associate in Physiology; Head, Gastro-Entcr- 
ology Research Laboratory. (1, 1942; 2, 1932) 
Holman, Russell Lowell, M.D. Univensity of 
X'orth Carolina School of Medicine, Chapel 
Hill. Professor of Pathology. (4, 1910) 

Holmes, Arthur Dunham, Ph.D. Massnchu.selts 
State College, Amherst. Research Professor of 
Chemistry. (2, 1931; 5, 1933) 

Holmes, Julia O., M.S., Ph.D. Massachusetts 
State College, Amherst. Research Professor of 
Nnirilion. (2, 1942; 3, 193G) 

Holt, Joseph Paynter, M.S., M.D., Ph.D. Uni- 
versity of Louisville School of Medicine, 101 
W. Chestnut St., Louisville, Ky. Associate 
Professor of Physiology. (1, 1942) 

Holt, L. Emmett, Jr., M.D. Johns Hopkins 
Hospital, Baltimore, Md. Associate Professor of 
Pediatrics, Johns Hopkins University. (2,1930) 
Hoobler, Icie Macy, Ph.D. 6G0 Frederick St., 
Detroit, Mich. Director of Research, Children’s 
Fund of Michigan; Associate in Nutrition, 
Medical Staff of the Children’s Hospital of 
Michigan. (2, 1925; 5, 1933) 

Hooker, Davenport, M.A., Ph.D. University of 
Pittsburgh School of Medicine, Pittsburgh, Pa. 
Professor of Anatomy. (1, 1920) 

Hooker, Donald R., M.S., M.D, 19 W. Chase St., 
Baltimore, Md, Lecturer in Physiological Hy- 
giene, School of Hygiene and Public Health, 
Johns Hopkins University; Managing Editor of 
American Journal of Physiology, Physiological 


Reviews and Fcdcrnlion Proceedings. (1, 1906; 
3, 1911) 

Hooker, Sanford IL, A.M., M.D. SO E. Concord 
St,, Boston, Mass. Member, Evans Memorial. 
(6, 1918) 

Hoppcrl, C. A„ Pli.D. Michigan State College, 
Bo.v 020, East Linsing. Professor of Biological 
Chemistry. (5, 1035) 

Horsfall, Frank L., Jr., M.D., C.M. Rockefeller 
Institute, 00th St. anil York Avc., Xcw York 
City. Member. (G, 1937) 

Horvnth, Sleven M., M.A., Pli.D.* Armored 
Forces Medical Rosearcli Laboratory, Ft. Knox, 
Ivy. Captain, San. Corps. (1, 1943) 

Horwitt, M. K., Ph.D. Biocliemical Research 
Lalmratory, Elgin .Stale Hospital, Elgin, III. 
Director, Hiochcmieal Research Laboratory; 
Assistant Professor, Physiological Chemistry, 
University of Illinois School of Medicine. (2, 
1911) 

Hoskins, R. G., Ph.D., M.D. Harvard Medical 
School, Boston, Mass. Research Associate in 
Physiology, Harvard University; Director of 
Research, Memorial foundation for Neuro- 
endocrine Research. (1, 1911) 

Hotchkiss, Rollin D., Ph.D. The Rockefeller 
Institute for Medical Rcscarcli, COth St. and 
York Avc., Xcw York City. Associ'otc. (2, 
1911) 

Howard, Evelyn, A.M., Pli.D. .lohns Hopkins 
School of Medicine, Baltimore, Afd. Instructor 
in Physiology. (1, 1933) 

Howard, Marion E., M.D. X*cw Haven Hospital, 
Xcw Haven, Conn. Assistant Professor of 
Medicine, Yale School of Medicine; Associate 
Physician, New Haven Hospital and New Haven 
Dispensary. (4, 1939; G, 1937) 

Howe, Paul E., A.M., Ph.D. 2823 29th St. N.W., 
Washington, D. C. Colonel, Sanitary Corps; 
Chief, Nutrition Branch, Office of the Surgeon 
General, U. S. Army. On leave as Chief , Animal 
Nutrition Division, and Assistant Chief, Bureau 
of Animal Industry, U. S. Department of Agri- 
cullurc. (1, 1913; 2, 1909 ; 5, 1933) 

Howe, Percy R., M.D,, D.D.S. Harvard Medical 
School, Boston, Mass. Director Forsyth Dental 
Infirmary; Professor Denial Sciences; Instructor 
in Pathology. (5, 1935) 

Howell, Katherine M., M.D. Michael Reese 
Hospital, 2900 Ellis Ave., Chicago, 111. Head 
of Departments of Bacteriology and Serology. 
(C, 1940) 

Howell, Stacey F., Ph.D. V. D. Research Labora- 
tory, U. S. Marine Hospital, Stapleton, Staten 
Island, X. A'. Chemist, U. S. Public Health Serv- 
ice. (2, 1940) 

Howell, William H., Ph.D., M.D., Sc.D., LL.D. 
112 St. Dunstan’s Road, Baltimore, Md. Pro- 
fessor Emeritus of Physiology, Johns Hopkins 
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Universily; Member, National Academy of 
Sciences. (1, 1887; 2, 1912) 

Hubbard, Roger Sanford, A.M., Ph.D. 100 High 
St., Buffalo, N. Y. Biochemist, Bvffalo General 
Hospital; Professor of Applied Physiology, 
Buffalo University Medical School. (1, 1922; 
2, 1920) 

Hubbell, Rebecca B., M.S., Ph.D. Connecticut 
Agricultural Experiment Station, New Haven. 
Assistant Biochemist. (2, 1937; 5, 1935) 
Hudack, Stephen Sylvester, M.D. U. S. Naval 
Hospital, Brooklyn, N. Y. Lt. Com. (4, 1933) 
Huddleston, Ora Leonard, M.D., Ph.D. Univer- 
sity of Colorado School of Medicine, 4200 E. 9th 
Ave., Denver. Instructor in Physiology. (1, 

1936) 

Hueper, Wilhelm C., M.D. Warner Institute for 
Therapeutic Research, 113 W. 18th St., New 
York City. Assistant Director and Principal 
Pathologist. (4, 1940) 

Huffman, C. F., M.S., Ph.D. Michigan State 
College, East Lansing. Research Professor and 
Associate Professor in Dairy Husbandry. (5, 

1937) 

Huggins, Charles Brenton, M.D. University of 
Chicago, Chicago, 111. Professor of Surgery. 
(1, 1932) 

Hughes, Joseph, M.D. Ill N. 49th St., Phila- 
delphia, Pa. Assistant Professor of Experimen- 
tal Neurology, Graduate School of Medicine, 
University oj Pennsylvania; Director of Labora- 
tory, Pennsylvania Hospital for Menial Diseases. 
(1, 1936) 

Hughes, Josiah Simpson, M.A., M.S., Ph.D. 
Kansas State College, Manhattan. Professor of 
Chemistry. (2, 1931; 5, 1939) 

Hughes, Thomas P., A.M., Ph.D. Rockefeller 
Foundation, 49 W. 49th St., New York City. 
Member of Staff, International Health Division. 
(6, 1934) 

Hulpieu, Harold R., M.A., Ph.D. Indiana Uni- 
versity School of Medicine, Indianapolis. Asso- 
ciate Professor of Pharmacology. (3, 1939) 
Hunscher, Helen A., Ph.D. Western Reserve 
University, 2023 Adelbert Rd., Cleveland, O. 
Head of Department of Home Economics. (5, 
1934) 

Hunt, Reid, M.D., Ph.D., Sc.D. Harvard Medical 
School, Boston, Mass. Professor Emeritus of 
Pharmacology, Harvard University; Member, 
National Academy of Sciences. (1, 1895 ; 2, 
1906; 3, 1908) 

Hunter, Andrew, M.A., M.B., F.R.S.C. Univer- 
sity of Toronto, Toronto, Canada. Professor of 
Pathological Chemistry. (2, 1908) 

Hunter, George, M.A., D.Sc., F.R.S.C. Univer- 
sity of Alberta, Edmonton, Canada. Professor 
of Biochemistry. (2, 1924) 


Hunter, Jesse E., M.S., Ph.D. Allied Mills. 
Inc., 7500 S. Adams St., Peoria, 111. Director 
Biological Research. (5, 1936) 

Hussey, Raymond, M.D. Homewood Apart- 
ments, Baltimore, Md. (4, 1927) 

Hyde, Roscoe R., A.M., Ph.D. Johns Hopkins 
University, Baltimore, Md. Professor of Im- 
munology. (G, 1939) 

Ingalls, Mabel S., Ph.D. 1218 Bank St., N. W., 
Washington 7, D. C. (6, 1940) 

Ingle, Dwight J., M.S., Ph.D. The Upjohn Co., 
Research Department, Kalamazoo, Mich. Up- 
john Research Fellow. (1, 1939) 

Ingraham, Raymond Clifford, Ph.D. College of 
Medicine, University of Illinois, 1853 W. Polk 
St., Chicago. Instructor in Physiology. (I, 

1938) 

Ingram, W. R., Ph.D. College of Medicine, The 
State University of Iowa, Iowa City. Professor 
and Head of the Department of Anatomy. (1, 
1936) 

Irvin, J. Logan, Ph.D. Johns Hopkins University 
School of Medicine, 710 N. Washington St., 
Baltimore, Md. Associate in Physiological Chem- 
istry. (2, 1942) 

Irving, Laurence, A.M., Ph.D. Swarthmore Col- 
lege, Swarthmore, Pa. Professor of Experi- 
mental Biology. (1, 1927) 

Irwin, Marian, Ph.D. The Rockefeller Institute 
for Medical Research, New York City. Asso- 
ciate in the Division of General Physiology. 
(1, 1927) 

Irwin, M. R., Ph.D. Department of Genetics, 
University of Wisconsin, Madison. Professor of 
Genetics. (6, 1936) 

Isaacs, Raphael, M.D. 104 S. Michigan Ave., 
Suite 408, Chicago 3, 111. Director, Department of 
Hematology, Michael Reese Hospital. (4, 1928) 
Isenberger, R. M., M.A., M.D. University of 
Kansas School of Medicine, Kansas City. Pro- 
fessor of Pharmacology. (3, 1937) 

Ivy, Andrew C., Ph.D., M.D. 303 E. Chicago 
Ave., Chicago, 111. Nathan Smith Davis Pro- 
fessor of Physiology and Professor of Pharma- 
cology, Northwestern University Medical School. 
(1, 1919; 5, 1933) 

Izquierdo, J. Joaquin, M.D. National School of 
Medicine, Me.xico City. Professor of Physiology 
in the National School of Medicine and the Fs- 
cuela Medico Militar of Mexico. (1, 1928) 
Jackson, Dennis Emerson, A.M., Ph.D., M.D- 
University of Cincinnati Medical School, Ednn 
and Bethesda Aves., Cincinnati, 0. Professor 
of Pharmacology. (1, 1910; 3, 1912) 

Jackson, Eugene L., Ph.D. Emory University, 
Ga. Associate Professor of Pharmacology, Chair- 
man, Department of Pharmacology. (3> 1942) 
Jackson, Richard W., Ph.D. Eastern Regional 
Research Laboratory, U. S. Department o 
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Apriciiltim', Wyiidmoor, Pa. Chief of Protein 
Division. (2. lO.'^O; fi. \m) 

Jacobs, Merkel Henry, Pli.D. University of 
Ponnsyh'nnin, Pliiliulelplii.a. Professor of Gen- 
era! Physiologu: Member of the Xntionnl A cademj/ 
of Seiences. (1, 1019) 

Jacobs, Walter A., A.M., Pli.D. Hockofcllcr 
Inslitiifo, Cflth Si. ami York .\vo., New York 
City. Member; Member, Xational Acnilrmij of 
Sciences. (2.1908:3,1913) 

Jacobson. Edmund, Ph.D., M.IJ. Laboratory for 
Clinic.al Pbysiolopy, 310 S. Miebipnn Ave., 
ChicoKO, in. (1. 1929) 

JafTc, Henry L., M.P). llosjiil.al for .Toint Dis- 
c.asc.s, 1919 Madi.'-'on Ave., Xcw York Cilj", 
Director of Laboratories. (4, 1925) 

Jamieson, Walter Se.D.flinii.). Eli Lilly Sc 
Conip.any, Indianaixilis, Iiid. Director, Dio- 
logical Division. (G, 1927) 

Jaques, L. E., M..\., Ph.D.* University of To- 
ronto, Toronto 5, Canada. Lecturer and Desenreh 
Associate, Dept, of Physiology. (I, 1913) 

Jasper, Herbert H., Ph.lJ., D. hs Sci. 

AIontro.al Xcvirolopical Institute, 3S01 Univenaity 
St., Montrc.al, Qiic., Canada. Lecturer in Xcu- 
roclcctrography and Director of Department of 
Elcctrophysiology. (1, 19-10) 

Jeans, P- C., ^f.D. State University of Iowa, 
Iowa City. Professor of Pediatries. (3, 1937) 
Jensen, H., Ph.D. Kcscarch Laboratories, The 
Upjolm Comp.any, Ival.am.aroo, Mich. (3, 1929) 
Jobling, James W„ M.D. Columbia University, 
630 W. ICSth St., New York City. Professor of 
Pathology. (4— prior to 1920) 

Jochim, Kenneth E., Ph.D. Michael Eecsc 
Hospital, 29th and Ellis Ave., Chiaago, 111. 
Research Associate, Cardiovascular Dept. (I, 
1942) 

Johlin, J. M., Ph.D., D.Sc. Vanderbilt Univer- 
sit}’ School of Medicine, Nashville, Tenn. 
Associale Professor of Biochemistry. (2, 1928) 
Johnson, Charles C., M.D. University of Utah 
School of Medicine, Salt Lake City. Professor of 
Pharmacology. (3, 1929) 

Johnson, Frank H., A.M., Ph.D. Princeton 
University, Princeton, N. J. Assistant Pro- 
fessor, Dept, of Biology. (1, 1942) 

Johnson, Joseph L., Ph.D., M.D. School of 
Medicine, Howard University, Washington, 
D. C. Professor and Head of the Department of 
Physiology. (1, 1934) 

Johnson, J. Raymond, Ph.D. Long Island College 
of Medicine, 350 Henry St., Brooklyn, N. Y. 
Assistant Professor of Physiology and Phar- 
macology. (1, 1938) 

Johnson, Marvin J., M.S., Ph.D. University of 
Wisconsin, Madison. Associate Professor of 
Biochemistry. (2, 1941) 


Johnson, Robert E., M.D., Ph.D. Fatigue Ivibo- 
rntory, Morgan Hall, Harvard University, 
Ho.atoii, Mns.a. Research Fellow. (2, 1939) 
Johnson, Trent 11., Pli.D. Amity Road, Bctlmny, 
IVcstvillo P. 0., Conn. Sterling Professor of 
Chemistry, Yale University; Member, Rational 
Academy of Sciences. (2, 1910) 

Johnson, Victor, Pli.D., M.D. 6S07 Dorcliestcr 
Ave., Cbicngo, III. Associate Professor of 
Physiology; Dean of Sludcnls in the. Division of 
Biology and the School of Medicine, Univcr.sity 
of Chicago. (1, 1933) 

John.slon, Charles G., lif.S., Af.D. Wayne Uni- 
versity College of Medicine, Detroit, Mich. 
Professor of Surgery. (1, 1933) 

Johnston, Margaret W„ Ph.D. Box 276, .4110 Ar- 
bor, Mich. Research Associate in Internal Medi- 
cine. (2, 19.30; li, 1938) 

Jolliflc, Norman, M.D. .30 E. 75th St., New York, 
N. Y. (J, 19.32) 

Jones, D. nreese, Ph.D. Utircauof Human Nutri- 
tion and Home Economics, U. S. Department of 
Agriculture, Bcltsvillo, Md. Principal Cbcmisl. 
(2, 1920; 1935) 

Jonc.s, James IL, Af.S., Pli.D. School of Medi- 
cine, University of Pennsylvania, Philadelphia. 
Assistant Professor of Physiological Chemistry. 
(2, 1928:5, 1933) 

Jones, Kenneth K., M.S., Ph.D. Northwestern 
University Afcdical Scliool, 303 E. Chicago Ave., 
Chic.ago, III. Associate Professor of Physiology 
and Pharmacology. (1,1935) 

Jones, Lloyd R., Af.S., Ph.D. M02 S. Grand 
Blvd., St. Louis, Mo. Associate Professor and 
Chairman of Department of Bacteriology, Si. 
Louis University School of Medicine. (G, 1933) 
JosHn, Elliott P., M.A., M.D, Now England 
Deaconess Hospital, 81 Bay State Rd., Boston, 
Mass. Director, George F. Baker Clinic. (5 
1933) 

Jukes, Thomas Hughes, Ph.D. Lcdcrio Labora- 
tories, Pearl River, N. Y. Associate Director, 
Pharmaceutical Division. (2, 1935; 5, 1938) 
Julianellc, Louis A., Ph.D., M.A. Division of 
Infectious Dise.asos, Public Health Research 
Institute of the City of New York, Foot of E. 
15th St. Head of Division. (G, 1930) 

Jung, Frederic Theodore, Ph.D., M.D. North- 
western University Medical School, Chicago, 111. 
Assistant Professor of Physiology and Phar- 
macology. (I, 1930) 

Jungeblut, Claus W., M.D. College of Physicians 
and Surgeons, 630 W. 16Sth St., New York City. 
Professor of Bacteriology, Columbia University 
■ (4, 1929:6, 1926) 

Kabat, Elvin A., Ph.D. The Neurological Insti- 
tute, 710 W. 168th St., New York City. Re- 
search Chemist. (2, 1940) 
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Kabat, Herman, Ph.D., M.D. National Institute 
of Health, Bethesda, Md. Pharmacologist. (1, 
1941) 

Eahn, Reuben li., Sc.D. , University of Michigan 
Hospital, Ann Arbor. Director of Clinical 
Laboratories. (4, 1934; 6, 1919) 

Kalckar, Herman M., M.D., Ph.D. 439 W. 123rd 
St., New York City. Research Associate. (2, 1942) 
Kamm, Oliver, M.S., Ph.D. Research Labora- 
tory, Parke, Davis & Co., Detroit, Mich. Scien- 
tific Director. (2, 1928) 

Karpovich, Peter V., M.D., M.P.E. School of 
Aviation Medicine, Randolph Field, Texas. 
Senior Physiologist, Research Section. (1, 1942) 
Karr, Walter G., Ph.D. Smith, Kline & French 
Laboratories, Delaware Ave. & Poplar St., 
Philadelphia 23, Pa. Director of the Research 
Laboratories; Assistant Professor of Physiolog- 
ical Chemistry, University of Pennsylvania; Con- 
sulting Biochemist to the Medical Clinic of the 
University Hospital, Bryn Maivr Hospital, 
Abington Memorial Hospital. (2, 1925) 

Karshan, Maxwell, Ph.D. Department of Bio- 
logical Chemistry, Columbia University, 630 W. 
16Sth St., New York City. Associate Professor 
of Biochemistry. (2, 1939) 

Karsner, Howard T., M.D. Western Reserve 
University, 2085 Adelbert Rd., Cleveland, 0. 
Professor of Pathology; Director of the Institute 
of Pathology. (4, prior to 1920; 6, 1925) 

Katz, Gerhard, M.D. Tulane School of Medicine, 
New Orleans, La. Assistant Professor of Phar- 
macology. (3, 1937) 

Katz, Louis Nelson, A.M., M.D. 2900 Ellis Ave., 
Chicago, 111. Director of Cardiovascular Re- 
search, Michael Reese Hospital; Professorial 
Lecturer in Physiology, University of Chicago. 
(1, 1924) 

Katzman, Philip A., Ph.D. St. Louis University 
School of Medicine, 1402 S. Grand Blvd., St. 
Louis 4, Mo. Assistant Professor of Biochemis- 
try. (2, 1935) 

Kay, H. D., Ph.D., D.Sc. National Institute 
for Research in Dairjdng, Shinfield, near Read- 
ing, England. Director, Research Professor of 
Biochemistry, University of Reading. (2, 1930) 
Keeton, Robert W., M.S., M.D. University of 
Illinois College of Medicine, 1853 W. Polk St., 
Chicago. Professor of Medicine. (1, 1916; 

3, 1924) 

Kehoe, Robert A., M.D. Kettering Laboratory 
of Applied Physiology, College of Medicine, 
University of Cincinnati, Eden Ave., Cincinnati, 
0. Research Professor of Physiology. (1, 1940) 
Keith, Norman M., M.D. Majm Clinic, Roches- 
ter, Minn. Consulting Physician, Division of 
Medicine, Mayo Clinic; Professor of Medicine, 


Mayo Foundation, University of Minnesota. 
(1, 1920; 3, 1932; 4, 1924) 

Keith, T. B., Ph.D. Pennsylvania State College, 
State College. Assistant Professor of Animal 
Husbandry. (5, 1941) 

Keller, Allen D., Ph.D. Baylor University Col- 
lege of Medicine, Dallas, Texas. Professor of 
Physiology and Pharmacology. (1, 1931) 
Kelser, Raymond A., Ph.D. 17 Oxford St., Chevy 
Chase, 15, Md. Brig. General, U. S. Army. (4, 
1932) 

Kelsey, F. Ellis,, Ph.D. University of Chicago, 
Chicago, 111. Research Associate (Instructor) in 
Pharmacology. (3, 1941) 

Kempner, Walter, M.D. Duke University School 
of Medicine, Durham, N. C. Assistant Pro- 
fessor of Medicine. (1, 1940) 

Kendall, Edward C., M.S., Ph.D., D.Sc. 627 
Eighth Ave., S.W., Rochester, Minn. Professor 
of Biochemistry, Mayo Foundation, University 
of Minnesota. (1, 1916 ; 2, 1913 ; 4, prior to 1920) 
Kennard, Margaret A., M.D. Psychiatric Division, 
Bellevue Hospital, First Ave. & 30th St., New 
York City. (1, 1934) 

Kennedy, Cornelia, M.A., Ph.D. Snyder Hall, 
University Farm, St. Paul, Minn. Associate 
Professor of Agricultural Biochemistry, Uni- 
versity of Minnesota; Assistant Chemist, Minne- 
sota Experiment Station. (2, 1924; 5, 1934) 
Kennedy, Robert P., M.D. Knollwood Drive, 
R. D. 1, Rochester, N. Y. (4, 1929) 

Kenton, Harold B., Ph.D. New England Dea- 
coness Hospital, Boston, Mass. Bacteriologist 
and Director of the Blood Bank. - (6, 1934) 
Kenyon, Allan T., M.D. University of Chicago, 
Division of Biological Sciences, 950 E. 59th St., 
Chicago, 111. Assistant Professor of Medicine. 
3, 1940) 

Keresztesy, John C., M.A., Ph.D. Merck& Com- 
pany, Inc., Rahway, N. J. Head, Nutritional 
Research Laboratory. (2, 1941) 

Kerr, Stanley E,, Ph.D. Near East College Asso- 
ciation, 50 W. 50th St., New York City. Pro- 
fessor of Biological Chemistry , American Univer- 
sity of Beirut, Beirut, Syria, Republic of Leb- 
anon. (2, 1937) 

Kerr, Wm. J., M.D. University of California 
Hospital, Third and Parnassus Aves., San Fran- 
cisco. Professor of Medicine, University of 
California; Physician-in-Chief, University of 
California Hospital. (3, 1930) 

Kesten, Homer D., M.D. College of Physicians 
and Surgeons, Columbia University, New York 
City. Assistant Professor of Pathology. (4, 
1931) 

Keys, Ancel, M.A., Ph.D., D. Phil. 51 Stadium 
South Tower, University of Minnesota, Minne- 
apolis. Professor of Physical Education and 
Physiology. (1, 1939; 2, 1936) 
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Khoraro. ncvorali, M.D. Ap(. -IG, 15(1 \V. lS7th 
St., New York City. I'lmtnictnr fti Ilaclrrioloffif, 
Cotiimfiin I'liiirraitt/, Eyf ItmtUiitr. (G, IMG) 
Kidd, John G., M.n. Hockofellor IiiHtitiito for 
Medical llcscareh, CGtli St. .md York Avc., Now 
York City. A5.<!()cm(e J/rmher in Pnlliotogiinnd 
linctcriohgij. (I, IMS; G, 1PS7) 

Kik, M. C., Ph.D. CoIIcrc, of .ARricnltnre, Uni- 
versity of Arkansas, Fayetteville. Asxislatit 
Professor pf AyrictiUura! Clirmiflrij. 1012) 
Kilbo’rn, Leslie G.. M.A., M.D., Fh.O. West 
China Union University, Chcnplu, Szccliwan, 
China. Profesfor of Phifiohyil Pharmn- 
coloQi/. (I, 102$) 

Killian, John .Allen, .A.M., Ph.D. Killian Ite.searrh 
Lalwratorics, Inc., -I!) W, -ISth St., New York 
City. (2, 1021) 

Kinp, Barry G., M..V., Ph.D. College of Physicians 
and Surpeons, Coluniliia University, 030 West 
IGSth St., New York City, .•l.tsis/niit ProffUKor 
of Physiology; Licutoiianl, VSXP, A'neoi Mati- 
cn! Prfcnrch histitiitc, lUlhcsda, M)i. (1, 103S) 
King, Charles Edwin, Ph.D. Vanderbilt Univer- 
sity, Nashville, Tenn. Associate Professor of 
Physiology. (1, 191G) 

King. Charles Glen, Ph.D. Nutrition Founda- 
tion, Inc,, Chrysler Building, New A'ork City. 
Scientific Director. (2, 1031; .a, 103.3) 

King, Jessie Luella, Ph.D. Gouchcr College, 
Baltimore, Md. Professor of Physiology. (I, 
1914) 

King, Joseph T., M.D., Ph.D. 311 Millard Hall, 
University of Minnesota Medical School, Minne- 
apolis. Assistant Professor of Physiology. (1, 
1931) 

King, Lester, S., M.D. The Fairfield State Hos- 
pital, New’town, Conn. Hospital Pathologist. 
(4, 1941) 

Kirk, Paul L., Ph.D. University of California, 
Berkeley. Associate Professor of Biochemistry. 
(2, 1933) 

Kirkbride, Mary B., Sc.D. Division of Labora- 
tories and Research, New York State Depart- 
ment of Health, .Albany. Associate Director. 
(6, 1921) 

Kisch, Bruno, M.D.* S45 West End Ave., New 
York City. Professor at Teshu'a College; In 
Charge of Experimental Medicine at Beth Israel 
Hospital. (1, 1943) 

Kleiber, AI., D.Sc.* University of California, 
Daxis. Professor of Animal Husbandry. (1, 1943; 
5, 1933) 

Klein, J. Raymond, Ph.D. University of Illinois, 
Neuropsychiatric Institute, 912 S. Wood St., 
Chicago. Biochemist and Assistant Professor 
of Psychiatry and Physiological Chemistry. 
(2, 1941) 

Kleiner, Israel Simon, Ph.D. New York Medical 
College, Flower and Fifth Avenue Hospitals, 


New York 29, N. Y. Professor of Physiology and 
Bioehcmhlry. (1, 1911;2, 1912;.3, 19I2;.'», 19.33) 
Kiettmnn, Nnlhnnlel, A.M., Ph.D. University 
of Cldeago, Chicago, 111. Associate Professor of 
Physiology. (1, 192.3) 

Klemperer, Friedrich Wilhelm, M.D., Mns.'wcliti- 
sett.s General Hospital, Boston, Ma.ss. .-issistanl 
in Medicine. (2, 1911) 

Klelzlcn, Seymour W., M.S., Pli.D.,22 Lifayottc 
Blvd., Williainsvillc, N. Y. Biochemist. (5, 1933) 
Kline, O. L., Pli.D. U. S. Department of Agri- 
culture, I'ood and Drug Administration, Wasli- 
ington, D. C. Biochemist. {!>, 1030) 

Klllver, Heinrich, Ph.D. University of Chirngo, 
Chic-'igo, HI. Member, OthoS.A. Sprague 
Memorial Institute. (1, 193.3) 

Knocfel, Peter K., M.A., M.D. University of 
Ix)ui.svil)c, I/)nisvil)c, Ky. Professor of Phar- 
macology. (3, 1931) 

Knowllon, Frank P., A.M., M.D. Syracuse Uni- 
versity College of Afcdicinc, Synicusc, N. Y. 
Profc.ssor of Physiology. (1, 1911) 

Knowllon, G. Clinton, Ph.D. University of Iowa, 
Iowa City. Assislant Professor of Physiology. 
(1. 1938) 

Knudson, Arthur, Ph.D. .Albany Medical College, 
Albany, N . A’. Professor of Biochemistry, Medi- 
cal Department of Union University. (2, 1919; 
5, 193G) 

Knutti, Ralph Eddy, M.D. University of Roch- 
ester School of Medicine and Denti.stry, 200 
Crittenden Blvd., Roclicstor, N. A’, .dssistn?;! 
Professor of Pathology. (4, 1933) 

Koher, Philip A., B.S. Sherman Laboratories, 
Detroit, Mich. Director of Hcscarch. (2, 1912) 
Koch, Elizabeth M., M.A., Ph.D. 1534 E. 5Dth 
St., Chicago, III. (2, 1925) 

Koch, Fred Conrad, M.S., Ph.D. 1531 E.ast 69th 
St., Cldeago, 111. Director of Biochemical 11c- 
scarch. Armour and Co.; Professor of Biochem- 
istry Emeritus, University of Chicago. (2, 1912; 
5, 1933) 

Kochnkian, Charles D., A.M., Ph.D. University 
of Rochester Medical School, 2G0 Crittenden 
Blvd., Kochestcr, N. A^ Research Associate, 
Dept, of Vital Economics. (1, 1942) 

Kocher, Rudolph Alfred, M.D. Box 926, Carmel, 
Calif. Director, Velie Metabolic Clinic. (2, 
1915) 

Koehler, Alfred E., M.D., Ph.D. 317 W. Pueblo 
St., Santa Barbara, Calif. Physician, Sansum 
Clinic, Santa Barbara Cottage Hospital. (2 
1924) 

Koehne, Martha, Ph.D. Ohio State Department 
of Health, 75 Eighteenth Ave., Columbus. Nu- 
tritionist. (5, 1933) 

Koepf, George F., M.D. Buffalo General Hos- 
pital, 100 High St., Buffalo, N. Y. Instructor in 
Medicine, University of Buffalo. (1, 1942) 
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Eohn, Henry I., Ph.D. Duke University School 
of Medicine, Durham, N. C. Assistant Pro- 
fessor of Physiology and Pharmacology. (1, 
1940) 

Kolmer, John A., M.S., M.D., D.P.H., Sc.D., 
LL.D., L.H.D. 1 Montgomery Ave., Bala- 
Cynwyd, Pa. Professor of Medicine, Temple 
University; Director, Research Institute of Cu- 
taneous Medicine. (6, 1913) 

Komarov, Simon A., M.S., M.D., Ph.D. S. S. Pels 
Fund, Med. Research Laboratory, 255 S. 17th 
St., Philadelphia, Pa. Director of Dept, of Bio- 
chemistry. (1, 1933) 

Kopeloff, Nicholas, Ph.D. New York State 
Psychiatric Institute, 722 W. IGSth St., New 
York City. Principal Research Bacteriologist, 
New York Stale Psychiatric Institute and Hos- 
pital. (6, 1937) 

Koppanyi, Theodore, Ph.D. Georgetown Uni- 
versity, Washington, D. C. Professor of Phar- 
macology. (1, 1924; 3, 1935) 

Korr, Irwin M., M.A., Ph.D. 175 Pinckney Rd., 
Red Bank, N. J. Physiologist, U. S. Signal 
Corps, Ft. Monmouth Signal Laboratories. (1, 
1939) 

Kozelka, Frank L., Ph.D. Dept, of Pharmacology 
and Toxicology, University of Wisconsin, Madi- 
son. Assistant Professor of Toxicology. (3, 
1939) 

Krahl, Maurice E., Ph.D. Lilly Research Labora- 
tories, Eli Lilly & Co., Indianapolis, Ind. Re- 
search Biological Chemist. (2, 1939) 

Kramer, Benjamin, A.M., M.D. 6 Pierrepont St., 
Brooklyn, N. Y. Pediatrician-in-Chief, Brook- 
lyn Jewish Hospital; Professor of Clinical 
Pediatrics, Long Island College Medical School. 
(1, 1915; 2, 1914) 

Kramer, Martha, Ph.D. Department of Home 
Economics, Yenching University, Peiping, 
China. Professor of Food Economics and 
Nutrition. (5, 1933) 

Krantz, John C., Jr., M.S., Ph.D. University of 
Maryland Medical School, Baltimore. Pro- 
fessor of Pharmacology. (3, 1937) 

Krauss, William E., Ph.D. Ohio E.xperiment 
Station, Wooster. Chief, Dairy Department. 
(2, 1932; 5, 1933) 

Kraybill, Henry R., M.S., Ph.D. 5720 Woodlawn 
Ave., Chicago 37, 111. Professorial Lecturer, De- 
partment of Biochemistry, University of Chicago; 
Director, Department of Scientific Research, 
American Meat Institute. (2, 1942) 

Krayer, Otto, M.D. Harvard Medical School, 25 
Shattuck St., Boston, Mass. Associate Pro- 
fessor of Comparative Pharmacology. (3, 1938) 
Krueger, Albert Paul, M.D. Captain M.C., 
U.S.N.R. 3517 Life Sciences Bldg., University of 
■. California, Berkeley. Professor of Bacteriology; 


Officer in charge Lab. Research Unit No. 1, 
Berkeley, Calif. (4, 1930; 6, 1937) 

Krueger, Hugo M., Ph.D. St. Louis University 
Medical School, 1402 S. Grand Blvd., St. Louis, 
Mo. Assistant Professor of Pharmacology. (1, 
1931 ; 3, 1935) 

Krumbhaar, Edward B., M.D., Ph.D. University 
of Pennsylvania Medical School, Philadelphia. 
Professor of Pathology. (1, 1914; 4, prior to 
1920) 

Kruse, Harry Dayton, M.D., Sc.D. Milbank- 
Memorial Fund, 40 Wall St., New York City. 
(2, 1933) 

Kruse, Theophile K,, A.M., Ph.D. University of 
Pittsburgh Medical School, Pittsburgh, Pa. 
Professor of Physiology and Pharmacology. 
(1, 1919; 3, 1920) j 

Kubie, Lawrence S., M.D. 7 E. 81st St., New 
York City. Associate in Neurology, College of 
Physicians and Surgeons, Columbia University; 
Associate Psychiatrist, Mt. Sinai Hospital, New 
York City. (4, 1928) 

Kuhn, Harry A., M.S. 524 Peabody St. N. W., 
Washington, D. C. Colonel, C.W.S., War Depart- 
ment. Execxdive Officer, C. W. Procurement Dis- 
trict. (3, 1927) 

Kuhn, Ludwig R., Ph.D. Department of Bac- 
teriology, University of Georgia, Athens. Asso- 
ciate Professor of Bacteriology and Immunology. 
(6, 1939) 

Kunde, Margarete M., Ph.D., M.D. 116 S. 
Michigan Ave., Chicago, 111. Instructor in 
Medicine, Northwestern University Medical 
School. (1, 1924) 

Kurtz, Alton C., Ph.D. Department of Bio- 
chemistry, Medical School, University of Okla- 
homa, Oklahoma City. Assistant Professor. 
(2, 1942) 

Kydd, David M., M.D. Mary Imogene Bassett 
Hospital, Cooperstown, N. Y. Associate Physi- 
cian. (5, 1934) 

Kyes, Preston, A.M., Sc.D., M.D. North Jay, 
Me. (G, 1918) 

Lacy, G. R., M.D. University of Pittsburgh, 
Pittsburgh, Pa. Professor of Bacteriology and 
Immunology. (4, 1927) 

Lamb, Alvin R., M.S., Ph.D. Experiment Sta- 
tion, Hawaiian Sugar Planters’ Association, 
Honolulu. Research Associate. (2, 1923; 5, 
1934) 

Lambert, Robert A., M.D. Rockefeller Founda- 
tion, 49 W. 49th St., New York City. Associate 
Director for the Medical Sciences. (4, 1922) 

Lamport, Harold, M.D.* Yale University School 
of Medicine, New Haven, Conn. Assistant Pro- 
fessor of Physiology. (1, 1943) 

Lamson, Paul Dudley, M.D. Vanderbilt Uni- 
versitj’’ Medical School, Nashville, Term. P'eo 
fessor of Pharmacology. (1, 1921; 3, 1915) 
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Lnmson. Robert AV., A.M., I’h.O., M.D. Suite 
SIO, 3930 AViLliiro Rlvd., l/'s AiikpIoh. Calif. 
Professor 0 / Medicine end /’iddic Ilenllh, Uni- 
rcTsiUt of Sovihern CaUfornia Schooi of Medicine. 

(G, loss’) 

Lanccficld, Rebecca C., Ph.l). -1 Kenmoro ILL, 
Douglaslon, Ixiiig Isl.aml, X. V. A .'.'ociufc 
.Ifciiibor, liochefcUcr Ittsliltile far .Medical lie- 
erorch. (G, 3033) 

Landis, Carney, Fli.D. IVycbi.atric Institute .and 
Hosintal, Columbia Uiiivorpity,722 W. IGSlli Si., 
Xcw York City. Principal Pesenreh P,’:i/rhnh 
oght and Profccror of Pfajcholog;/. (1, 1030) 
Landi.s, Eugene Marlclcy, Pii.D., M.IO. Depart - 
went of Pbysiology, Harvard Mc<lical Seluxd, 
25 Shattiick St., Rostoii, Mar.^. Oeorge. Ihggin.‘‘nn 
Profesror of PIq/riology. (1, 192S) 

Land.s, Alonzo M., AI..\., Pli.lO. I'redcriek 
Stearns and Co., G5,33 .loflcrson Avc., Detroit, 
Midi. Pcscarch Assistant, Dept, of Physiology 
and Pharmacol. (1, 1012) 

Lange, Carl, M.D. 371 Morris St Albany, X. Y. 
Associotc Bacteriologist, Divisions of Labora- 
tories and Public Health, A’cir For); State De- 
partment of Health. (G, 103S) 

Langley, AVilson D., Ph.D. University of IJuffalo 
Medical School, RuGalo, X. A'. .-I .“i.wcia/c Pro- 
fessor of Biological Chemistry. (2, 1037) 
Langvrorthy, Ortliello R.. ALA., M.D. Johns 
Hopkins Hospital, Ballimoro, Md. /IssociVilc 
Professor of Neurology, Johns Hophins Univer- 
sity. (1, 102S) 

Larrabcc, Martin G., Ph.D. Johnson Foundation, 
Hospital of University of Pennsylvania, Phil- 
adelphia. Fellow in Medical Physics and Lec- 
turer in Biophysics. (1, 1910) 

Larson, Edward, Ph.D. Temple University Medi- 
cal .School, Broad and Ontario Sts., Philadelphia, 
Pa. Associate Professor of Pharmacology. (1, 
1939; 3, 1937) 

Larson, Hardy A\'., A.M., Ph.D. Metropolitan 
Life Insurance Co., Biochemical Laboratory, 1 
Aladison Ave., Xcw A'ork City. Research 
Chemist. (2, 1937) 

Larson, Paul S., Ph.D. Medical College of Vir- 
ginia, Richmond. Associate in Physiology and 
Pharmacology. (I, 1939) 

Larson, AV'. P., M.D. University of Minnesota, 
Minneapolis. Professor and Head of Depart- 
menl of Bacteriology and Immunology. (C, 1917) 
Lashley, Karl S., M.S., Ph.D. The Biological 
Laboratories, Harvard University, Cambridge, 
Mass. Research Professor of Neuropsychology; 
Member of the National Academy of Sciences. 
(1, 1923) 

Lang, E. P., M.A., Ph.D. Division of Pharma- 
cology, Food and Drug Administration, Federal 
Security Agency, AVashington 25, D. C. Phar- 
macologist. (2, 193S) 


Lmirens, Henry, A.Af., Ph.D., LL.D. School of 
Medicine, Ttdatin University, Station 20, New 
Orlcan.s, La. Professor of Physiology. (1,1013) 
Lnvinc, T. F„ Pli.D. Laiikcnnu Hospital Re- 
search rnstitnic, Pliiladclphia, lAa. Research 
Chemist. (2, 1038) 

Lawson, Unmpdcn, M.D., Ph.D. University of 
I/juisville, Ixiuisvillc, Ky. Professor of Physi- 
ology. (1. 1033) 

Lenlte, Clmiinccy I)., M.S., Ph.D. The Univer- 
.sity of Texas Medical Branch, Galvc.ston. Ficc- 
President of the Universily of Texas in Charge 
of the Medical Program. (1, 1023;3, 1921) 
Lealhos, John Beresford, M..A., M.B., lAR.C.S., 
F.U.S. 100 Bauhury Rd., O.vford, England. 
(2. 1909) 

Lederer, Ludwig George, Ph.D., M.D. Pennsyl- 
vania Central Airlinc.s, National .Airport, AVnsh- 
ington, D. C. Assistant Chief, Medical Depart- 
ment. (1, 1910) 

Lederer, Max, M.D. 1037 President St., Brook- 
lyn, X. Y. Director of Laboratories, Jewish 
Hospital. (G. 1020) 

Lee, Milton O., M.A., Ph.D. Harvard Medical 
.‘School, Boston, Mass. Associate, Memorial 
Foundation for N curo-cndocrinc Research; Re- 
search Fellow in Physiology. (I, 1927; .i, 1933) 
Lee, Robert C., B.Ch.E. X’utrition Laboratory, 
29 A'ihv St., Boston, Mass. (5, 1010) 

Leesc, Chester E., M.S., Ph.D. George B’asli- 
ington University School of Afcdicino, Wash- 
ington, D. C. Associate Professor of Physiology. 
(I. 1931) 

Lehman, Arnold J., Ph.D., M.D. AA'ayne Univer- 
sity College of Medicine, Detroit, Mich. Assist- 
ant Professor of Pharmacology. (3, 1937) 
Lehman, Robert A., M.S., Ph.D. New York Uni- 
versity College of Medicine, 477 First Avc., Now 
York City. Instructor in Therapeutics. (3, 
1942) 

Lehmann, Gerhard, M.D., Dr, Ing. University 
of Louisville School of Medicine, Louisville, Ky. 
Associate Professor of Pharmacology. (3, 1939) 
Lenhart, Carl H., M.D. Lakeside Hospital, 20G5 
Adclbcrt Rd., Cleveland, 0. Oliver H. Payne 
Professor of Surgery, IVcstern Reserve Univer- 
sily. (1, 1921) 

Lennefte, Edwin H., Ph.D., M.D. Caixa Postal 49, 
Rio dc .laneiro, Brazil. Staff Member, Interna- 
tional Hcallk Division, The Rochcfeller Founda- 
tion (Mail at 49 W 49th St. New York City). 
(4, 1941) 

Leonard, ClfTord Shattuck, M.S., Ph.D. Uni- 
versity of Vermont Medical College, Burlington. 
Assistant Professor of Pharmacology. (3, 1927) 
Lepkovsky, Samuel, M.S., Ph.D. University of 
California, Berkeley. Associate Professor of 
Poultry Husbandry. (2, 1933 ; 5, 1933) 
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L’Esperance, Elise L., M.D. 321 E. 15tli St., 
New York City.. Director of Laboratories, New 
York Infirmary for Women and Children. (G, 
1920) 

Leverton, Ruth M., Ph.D. Department of Home 
Economics, University of Nebraska, Lincoln. 
Associate Professor Human Nutrition Research. 
(5, 1942) 

Levin, Isaac, M.D. 57 W. Fifty-seventh St., New 
York City. Clinical Professor of Cancer Re- 
search, New York University; Chief of the De- 
partment of Cancer Service, Montefiore Hospital; 
Director, New York City Cancer Institute. 
(1, 1900) 

Levin, Louis, Ph.D. Department of Anatomy, 
College of Physicians and Surgeons, Columbia 
University, New York City. Research Associate 
in Anatomy. (2, 1939) 

Levine, Harold, Ph.D. Pabst Brewing Co., 917 
W. Juneau Ave., Milwaukee, Wis. Biochemist. 
(2, 1933; 5. 1933) 

Levine, Milton, M.S., Ph.D. Department of Bac- 
teriology, Cook County Hospital, Chicago, 111. 
(6, 1942) 

Levine, Philip, M.D., M.A. Newark Beth Israel 
Hospital, 201 Lyons Ave., Newark, N. J. Serol- 
ogist and Bacteriologist. (6, 1925) 

Levine, Rachmiel, M.D., C.M. Michael Reese 
Hospital, Chicago, 111. Assistant Director, 
Dept, of Metabolism. (1, 1942) 

Levine, Samuel Z., M.D., New York Hospital, 
525 E. 68th St., New York City. Professor of 
Pediatrics, Cornell University Medical College; 
Pediatrician-in-Chief, Netv York Hospital. 
(5, 1933) 

Levine, Victor Emanuel, A.M., Ph.D., M.D. 
Creighton Universitj'' School of Medicine, 
Omaha, Neb. Professor of Biological Chemistry 
and Nutrition. (2, 1936) 

Levinson, Samuel A., M.D. University of Illi- 
nois College of Medicine, 808 S. Wood St., Chi- 
cago. Professor of Pathology. (4, 1938) 

Levison, Louis A., M.D. 421 Michigan St., 
Toledo, O. Physician to Toledo Hospital; 
Physician to St. Vincent Hospital. (6, 1916) 

Levy, Milton, Ph.D. 477 First Ave., New York 
City. Assistant Professor of Chemistry, New 
York University College of Medicine. (2, 1933) 

Levy, Robert L., M.D. 730 Park Ave., New York 
City. Professor of Clinical Medicine, College 
of Physicians and Surgeons, Columbia Univer- 
sity. (3, 1915) 

Lcwey, F. H., M.D. University Hospital, Uni- 
versity of Pennsylvania, Philadelphia. Visiting 
Professor of Neurophysiology and Consultant 
in Neurology. (1, 1937) 

Lewis, Howard Bishop, Ph.D. Medical School, 
University of Michigan, Ann Arbor. Professor 


of Biological Chemistry and Director of the Col- 
lege of Pharmacy. (1, 1925; 2, 1913; 5, 1933) 
Lewis, Julian Herman, M.D. 4750 Champlain 
Ave., Chicago, 111. Associate Professor of 
Pathology, University of Chicago; Member of the 
Otho S. A. Sprague Memorial Institute. (4, 
1924) 

Lewis, Robert C., Ph.D. 4200 E. 9th Ave., Den- 
ver, Colo. Professor of Biochemistry, School of 
Medicine, University of Colorado. (2, 1931; 
5, 1933) 

Lewis, Warren H., M.D. The Wistar Institute of 
Anatomy and Biology, Woodland Ave. and 36th 
St., Philadelphia, Pa. Member; Member of the 
National Academy of Sciences. (1, 1919) 

Li, Richard D., M.D. Peiping Union Medical 
College, Peiping, China. 'Instructor in Pharma- 
cology. (3, 1941) 

Libby, Raymond L., M.S., Ph.D. American 
Cj'anamid Co., 1937 W. Main St., Stamford, 
Conn. Bio -physicist. (6, 1938) 

Libet, Benjamin, Ph.D. Ill N. 49th St., Phil- 
adelphia, Pa. Department of Physiology, Uni- 
versity of Pennsylvania. Instructor in Physiol- 
ogy. (1, 1942) 

Libman, Emanuel, M.D. 180 E. 64th St., New 
York City. Consxdting Physician, Mount Sinai 
Hospital. (6, 1920) 

Liddell, Howard S., A.M., Ph.D. Cornell Uni- 
versity, Ithaca, N. Y. Professor of Psychology. 
(1, 1925) 

Lieb, Charles C., M.D. 630 W. 168th St., New 
York City. Hosack Professor of Pharmacology, 
College of Physicians and Surgeons, Cohimbia 
University. (1, 1936; 3, 1915) 

Lieberman, Arnold L., M.D., Ph.D. 738 Broad- 
way, Suite 502, Gary, Ind. Assistant in Medi- 
cine, Northwestern University. (1, 1934) 
Lightbody, Howard D., M.S., Ph.D. Western 
Regional Research Laboratory, U. S. Department 
of Agriculture, Albany 6, Calif. Principal Bio- 
chemist. (2, 1936) 

Lillie, Ralph Stayner, Ph.D., Sc.D. University 
of Chicago, Chicago, 111. Professor Emeritus of 
General Physiology; Physiologist, Marine Bio- 
logical Laboratory, Woods Hole, Mass. (1, 
1905; 2, 1913) 

Lillie, R. D., M.D., Division of Pathology, Na- 
tional Institute of Health, Bethesda, Md. Senior 
Surgeon, U.S.P.H.S. (4, 1941) 

Lim, Robert Kho-Seng, Ph.D., D.Sc., F.R.S.B. 
Peiping Union Medical College, Peiping, China. 
Professor of Physiology, Director of Medical 
Relief Corps, China. (1, 1923) 

Lindsley, Donald B., M.A., Ph.D. Bradley Home, 
East Providence, R.I. Director of Psychological 
and Neurophysiological Laboratory; Assistant 
Professor of Psychology, Brown University. 

(1, 1937) 
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Lincnnr, Clinrlcs IL, Fli.l'). IC. IL SqiiiM'nml Smis, 
LioloRiml L-ilxinilory, Xcvv Uninswirlc, X. .1. 
Chief, Ih'ohdieal Dctrlopmcnl am! Control Lnb- 
oralnrij. (3, 193S) 

Linowoavcr, linns, M.A., I’li.l'). Wcslorn llp- 
pioiinl RoscarcU LalxinUory,U.S. Department of 
Apricnllnro, Albany 0, Ciilif. Senior IHachcmist. 
( 2 . 1011 ) 

Link. Knrl Paul. Pli.D, Hiorhnnistry BnildiiiK, 
University of Wisconsin, Madison. Professor 
of Biochemislrii. (2, 10.31) 

Lintz, William, M.D. 30 Plaza St., Brooklyn, 
X. Y. Late Professor of Inwniiwlon;/ amt 
Bncteriologij am! Clinical Professor of Medicine, 
Long Island College of Medicine. (G, 1020) 
Lipmnn, Mr.s. Miriam O., .V.M. Prc.sbyterian 
Ilo.spit.al, C20 W. ICSth St., Xcw York City. 
liesearch Assistant, Bdteard Daniels Paidkntr 
Arthritis Clinic. ( 6 , 1031) 

Lipmann, Fritz, M.D., Ph.D. Biocbcmical Bc- 
scnrcli Lalx)ralory, Ma.ssaclmsctt.s Genend Hos- 
pital, Boston. Beseareh Chemist; Head, Biochem- 
ical Bcscarch Laboratari/. (2. 1011) 

Litchfield, John T., Jr., M.D. University of Min- 
nesota Medical School, Minncaiwlis, Id. .l.s.si'sf- 
ant Professor of Pharmacology. (3, 1910) 

Little, James Maxwell, M.S., Ph.D. Bowman 
Gray School of Medicine of Wake Forest College, 
Winston-Salem, X. C. Assistant Professor of 
Physiology and Pharmacology. (I, 1942) 
Livingston, Alfred E., Ph.D. Temple University 
School of Medicine, Philadelphia, Pa. Professor 
of Pharmacology. (1, 1917; 3, 1920) 

Lloyd, David P. C., D.Ph. Laboratory of Physiol- 
ogy, Y.alc University School of Medicine, 333 
Cedar St., Xevv Haven, Conn. Assistant Pro- 
fessor of Physiology. (1, 1939) 

Locke, Arthur P., Ph.D. Institute of Pathology, 
Western Pennsylvania Hospital, Pittsburgh. 
Research Biochemist. (G, 192G) 

Lodholz, Edward, M.D. Medical Laboratories, 
University of Pennsylvania, Pliiladclphia. 
Isaac Ott Professor of Physiology, Graduate 
School of Medicine. (1,1913) 

Loeb, Leo, M.D. Washington University Medical 
School, St. Louis, Mo. Professor Emeritus of 
Pathology; Member, National Academy of Sci- 
ences. (1, 1907 ; 4, prior to 1920) 

Loebel, Robert O., JI.D. Russell Sate Institute 
of Pathology, Cornel! Medical College, 1300 York 
Ave., Xew York City. Research Fellow; Ad- 
junct Assistant Visiting Physician, Second 
(Cornell) Medical Division of Bellevue Hospital. 
(1, 192S) 

Loew, Earl R., M.S., Ph.D. Parke, Davis & Co., 
Detroit, Mich. (1, 1940) 

Loewe, S., M.D. 17 Cole Terrace, Xew Rochelle, 
X. Y. Hon. Prof. Pharmacology, Heidelberg; 


Dept, of Pharmacology, Cornell University 
Medical College. (3, 1930) 

Logan, Milan A., Ph.D. University of Cincinnati 
School of Medicine, Cincinnati, 0. Professor of 
Biological Chemistry. (2, 1930) 

Long, C. N. H„ M.Se., D.Sc., M.D. Yale Uni- 
versity, Xcw Haven, Conn. Sterling Professor 
of Physiologieal Chemistry. (1, 1935; 2, 1927) 
Long, Esmond R„ M.D. 7th and Ix)mbard Sts,, 
Philadelphia, Pa. Director, Henry Phipps 
Institute; Professor of Pathology, University of 
Pennsylvania. (4, 1930) 

Long, Perrin Hnmiiton, M.D. Tho.Iohns Hopkins 
Univensity, fdS X. Wolfe St., Baltimore, Md. 
Profes.sor of Preventive Medicine. (3, 1910) 
Longcopc, Warfield T., M.D. .lohns Hopkins 
Hospil.al, Baltimore, Md. Professor of Medi- 
cine, .lohns Hopkins University. (3, 1921; 4, 
prior to 1920; G, 1923) 

Longoncckcr, Herbert Eugene, M.S., Ph.D. 
Dc|virtmcnt of Chemistry, University of Pitts- 
burgh, Pittsburgh, Pa, Professor of Chemistry 
and Director, Buhl Foundation Research 
Project. (2, 1910) 

Looney, Joseph Michael, M.D. Station Hospital, 
Fort Custer, Mich. Chief of Special Service, 
Major, U. S. Army. (2, 1922) 

Loosli, Clayton Garr, M.D. The University of 
Chic.igo, Department of Medicine, Chic.ago, III. 
Assistant Professor. (4, 1910) 

Lorente do N6, Rafael, M.D. The Rockefeller 
Institute for Medical Research, 00th St. and 
York Ave., Xcw York City. Member. (1,1037) 
Lorenz, Egon, Ph.D. Xational Cancer Institute, 
Bethesda, Md. Senior Biophysicist. (4, 1942) 
Loring, H. S., M.S., Ph.D. Stanford University, 
Calif, Associate Professor of Biochemistry. 
(2. 193S) 

Lothrop, Alfred P., M.A., Ph.D. 279 Elm St., 
Oberlin, 0. Professor of Organic Chemistry, 
Oberlin College. (2, 1912) 

Loveless, Mary H., M.D. Xew York Hospital, 
525 E. CSth St., Xcw York City. Research 
Associate, Cornell Medical School; Physician to 
Out-Patients, New York Hospital. (6, 1941) 
Lowell, Francis C., M.D. XUnc Acre Corner, 
Concord, Mass. Inslruelor in Medicine, Boston 
City Hospital. (0, 1942) 

Lowry, Oliver H., hl.D., Ph.D. Research Labora- 
tory, Public Health Research Institute of the 
City of X'ew York, Foot of E. 15th St. Re- 
search Associate. (2, 1942) 

Lubinski, Herbert, M.D. Jewish General Hos- 
pital, 3755 St. Catherine Rd., Montreal, Canada. 
Bacteriologist. (6, 1941) 

Lucas, George H. W., M.A., Ph.D. University of 
Toronto, Toronto, Canada. Associate Professor 
of Pharmacology. (2, 1925 ; 3, 1928) 



264 


FEDERATION PROCEEDINGS 


Luck, James Murray, Ph.D. Stanford Univer- 
sity, Stanford, Calif. Professor of Biochemistry. 
(2, 1925) 

Lucke, Balduin, M.D. 141 Montgomery Ave., 
Bala-Cynwyd, Pa. Professor of Pathology, 
University of Pennsylvania Medical School. 
(4, 1924) 

Luckhardt, Arno Benedict, M.S., Ph.D., M.D. 
University of Chicago, Chicago, 111. Professor 
of Physiology. (1, 1911) 

Ludewig, Stephan, Ph.D. University of Virginia 
School of Medicine, University. Assistant 
Professor of Biochemistry. (2, 1941) 

Luduena, Froilan P., Ph.D., M.D. Faculty of 
Medicine, Rosario, Argentina. Professor Ad- 
j\into de Farmacologia. (3, 1941) 

Lukens, Francis D. W., M.D. University of 
Pennsylvania, 809 Maloney Clinic, 36th and 
Spruce Sts., Philadelphia. Assistant Professor 
of Medicine and Director, George S. Cox Medical 
Research Institute. (1, 1938) 

Lund, E. J., Ph.D. Department of Zoology and 
Physiology, University of Texas, Austin. Pro- 
fessor of General Physiology . (1, 1930) 

Lundgren, Harold P., Ph.D. Western Regional 
Research Laboratory, U.S.D.A., Albany 6, Calif. 
Chemist. (2, 1942) 

Lundy, John Silas, M.D. The Majm Foundation, 
Rochester, Minn. Chief of Section on Anes- 
thesia. (3, 1935) 

Lurie, Max B., M.D. Henry Phipps Institute, 
7th and Lombard Sts., Philadelphia, Pa. As- 
sistant Professor of Experimental Pathology. 
(4, 1934; 6, 1930) 

Lutz, Brenton R., Ph.D. Boston University, 688 
Boylston St., Boston, Mass. Professor of 
Biology. (1, 1925) 

Luyet, Basile J., Sc.D. (Biol.), Sc.D. (Physics). 
St. Louis University School of Medicine, St. 
Louis, Mo. Professor of Biology. (1, 1936) 
Lyall, Harold W., A.M., Ph.D. Division of Labo- 
ratories and Research, New York State Depart- 
ment of Health, Albany. Assfstont Director in 
charge of Antitoxin, Serum, and Vaccine Labo- 
ratories. (6, 1937) 

Ljunan, Carl M., Ph.D. Division of Swine Hus- 
bandry, Agricultural Experiment Station, Col- 
lege Station, Texas. Nutritionist. (2, 1940) 
L>’man, John F., Ph.D. Townshend Hall, Ohio 
State University, Columbus. Professor of Agri- 
cultural Chemistry. (2, 1920; 5, 1933) 

Macallum, A. Bruce, M.D., Ph.D. Medical 
School, University of Western Ontario, London, 
Ont., Canada. Professor of Biochemistry. (2, 
1914) 

MacArthur, Edith H., A.M., Ph.D. Skidmore 
College, Saratoga Springs, N. Y. Professor and 
Director of Home Economics. (5, 1933) 


MacCorquodale, D. W., M.S., Ph.D. Abbott 
Laboratories, North Chicago, 111. Head, Bio- 
chemical Research. (2, 1934) 

MacFadyen, Douglas A., M.A., M.D. Box 7, Room 
103, Army Medical School, Army Medical Cen- 
ter, Washington, D, C. Captain, U. S. Army. 
(2, 1942) 

MacKay, Eaton M., M.D. The Scripps Metabolic 
Clinic, La Jolla, Calif. (1, 1930) 

Mackenzie, Cosmo G., D.Sc. The Johns Hopkins 
University, Baltimore, Md. Associate in Bio- 
chemistry, School of Hygiene and Public Health. 
(5, 1942) 

Mackenzie, George M., M.D. Mary Imogens 
Bassett Hospital, Cooperstown, N. Y. Physi- 
cian-in-Chief; Director, Otsego County Labora- 
tories. (6, 1921) 

MacLeod, Colin M., M.D. New York University 
College of Medicine, 477 First Ave., New York 
City. Professor of Bacteriology. (6, 1937) 
MacLeod, Florence L., M.A., Ph.D. University 
of Tennessee, Knoxville. Professor of Nutri- 
tion. (2, 1927; 5, 1933) 

MacLeod, Grace, M.A., Ph.D. 106 Morningside 
Drive, New York City. Professor of Nutrition, 
Teachers College, Columbia University. (2, 
1924; 5, 1933) 

MacLeod, John, M.S., Ph.D. Cornell University 
Medical College, 1300 York Ave., New York City. 
Research Associate of Anatomy. (1, 1942) 
MacNeal, Ward J., M.D. New York Post- 
Graduate Medical School and Hospital, 303 E. 
20th St., New York City. Professor of Bacteri- 
ology. (4, 1925) 

MacNider, William deB., M.D., Sc.D., LL.D. 
University of North Carolina, Cliapel Hill. 
Kenan Research Professor of Pharmacology; 
Member, National Academy of Sciences. (I, 
1912; 2, 1912; 3, 1909; 4,- prior to 1920) 

Macht, David Israel, M.D., Phar. D. (hon.), 
Litt. D. Charles and Chase Sts., Baltimore, 
Md. Director of Pharmacological Research 
Laboratory, Hynson, Westcott and Dunning, Inc.; 
Professorial Lecturer in Physiology, Yeshiva 
College, New York City. (1, 1916) 

Madden, Sidney C., M.D. University of Roches- 
ter School of Medicine and Dentistry, Rochester, 
N. Y. Assistant Professor of Pathology. (4, 
1939) 

Maddock, Stephen, M.D. Boston City Hospital, 
Boston, Mass. Assistant in Surgery, Harvard 
Medical School; Director of Surgical Research 
Laboratory, City Hospital. (4, 1931) 

Madsen, Louis L., Ph.D. Bureau of Animal 
Industry, U. S. Department of Agriculture, 
Box 71, Berwyn, Md. Nutritionist. (5, 

Maes, Julian P., M.D.* Dartmouth Medical 

School, Hanover, N. H. Department of Pharma- 
cology. (1, 1943) 
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Mnpath, Thomas IL, M.S., FluD., M.D, Mayo 
Clinic, Rochester, Minit. Asaocialc Pro/fumir 
of Clitiicnl Dacleriologit nod Paraaitoloffi/, Uni- 
versity of Minnesota, Mayo Foundation; Con- 
sultant Physician in Clinical Laboratories, 
Mayo Clinic. (I, 102S) 

SlaRiil, Thomas P., M.D. Cornell University 
Medical Collepo, 1300 York Ave., New York 
City. {0, 1037) 

Magoun, Horace IV., Pli.D. Xorthwestern Uni- 
versity Medical School, .303 E. Chic.'ipo Ave., 
Chirapo, 111. I’rofrssor of Microsco/iic Anatomy. 
(1, 1937) 

Mahon, Eleanor Conway, Ph.D. Iron River, 
Mich. (I, 1910) 

Main, Rolland J., Ph.D. Medical Collcpc of 
Viipinia, Richmond. Professor of Physiology. 
(1, 193G) 

Maison, George L., M.S., M.D. -Aoro-.Medic.al 
Research Lilxtratory, Enpincorinp Division, 
IVright Field, Dayton, 0. 1st. Ll., Medical Cor;).*;., 
Assistant Professor of Physiology, U’oi/tio Uni- 
rersity, Detroit, .Mich. (1. 1930) 

Major, Randolph T., M.Sc., Ph.D. Colo Ave., 
Mountainside, IVestfield, X. .1. Director of 
Pcscarch, Merck it Co. (2, 1942) 

Mallory, G. Kenneth, M.D. Mallory Institute 
of Pathology, Boston City Hospital, Boston, 
Mass. Associate Professor. (4, 1940) 

Mallory, Tracy B., M.D. Massachusetts General 
Hospital, Boston. Chief of Pathology and 
Bacteriology; Assistant Professor of Pathology, 
Harvard Medical School. (4, 1937) 

Maloney, Arnold H., Ph.D., M.D., LL.D. How- 
ard University School of Medicine, Washington, 
D. C. Professor and Head of Department of 
Pharmacology. (3, 1932) 

Maltaner, Frank, Ph.D. 3SS New Scotland Ave., 
Albany, N. Y. Associate Biochemist, Division 
of Laboratories and Bescarch, New York State 
Department of Health. (6, 1920) 

Maluf, N. S. Rustum, M.S., Ph.D. Georgetown 
University Medical School, Washington, D. C. 
Instructor in Physiology. (I, 1942) 

Man, Evelyn B., Ph.D. 333 Cedar St., New Haven, 
Conn. Assistant Professor in the Biochemistry 
Laboratory, Yale University School of Medicine. 
(2, 1936) 

Manery, Jeanne Forest, M.A., Ph.D. Medical 
School, University of Toronto, Toronto, Ont., 
Canada. Demonstrator in Biochemistry. (1, 
1937) 

Mann, Frank C., M.A., M.D., Sc.D., LL.D. 
Mayo Clinic, Rochester, Minn. Director, Divi- 
sion of Experimental Medicine; Professor of 
Experimental Medicine, Mayo Foundation. (1, 
1916; 3, 1923; 4, 1924) 

Manville, Ira Albert, M.A., M.D., Ph.D. Univer- 
sity of Oregon Medical School, Portland. Asso- 


ciate Clinical Professor of Medicine and Director 
of Nutritional Research Laboratories. (1, 1933) 

Mnnwnrlng, Wilfred H., M.D. Stanford Uni- 
versity, Palo Alto, Calif. Professor Emeritus of 
Bacteriology and Experimental Pathology. (4, 
prior to 1020 ; 0, 1917) 

Marine, David, A.M., M.D. Montefioro Hos- 
pital, Gunhill Road and Ea.st 2I0tIi St., Now 
York City. Director of Lnborntories. (1,1910; 
4, prior to 1920) 

Mnrkowil/., J., ^r.D., Ph.D. 220 Bloor St., 
Toronto, Out., Canada. Research Associate in 
Physiology, Unieersity of Toronto, Faculty of 
Medicine. (1, 1929) 

Mnrmont, George IL, Pli.D. Columbia Univer- 
sity, C30 W. ICStli St., New York City. Re- 
search Associate in Physiology. (1, 1911) 

Marmor.sfon, Jessie, M.D. 1105 Park Ave., New 
York City. (G, 1932) 

Mnrrnzr.t, Amedeo S., M.D. I/jyola University 
School of Modieino, Chicago, III. Professor and 
Head of Ihc Department of Pharmacology. (3, 
193S) 

Marsh, M. Elizabeth, M.S., Ph.D. Killian Re- 
search Lalioratorics, 49 W. 45lh St., Now A^ork 
City. Assistant Director. (1, 1929; 5, 1933) 

Marshak, Alfred GcorRc, Ph.D. Radiation 
Laboratory, University of California, Berkeley. 
Research Associate and Finncy-Howcll Fellow. 
(I, 1940) 

Marshall, Eli Kenncriy, Jr., Ph.D,, M.D., LL.D. 
Johns Hopkins Medical School, Baltimore, Md. 
Professor of Pharmacology and Experimental 
Therapeutics; Member, National Academy of 
Sciences. (1, 1915; 2, 1913; 3, 1915) 

Marshall, Wade H., Ph.D. Wilmor Ophtiialmo- 
logical Institute, Johns Hopkins Hospital, Balti- 
more, Md. .Associate in Physiological Optics, 
Johns Hopkins University. (1, 1937) 

Martin, Donald Stover, M.D. Duke University 
School of Medicine, Duke Hospital, Durham, 
N. C. .Associate Professor of Bacteriology. 
(4, 1940) 

Martin, Stevens J., M.A., Ph.D. Tilton General 
Hospital, Fort Di.\, N. J. Capt. M. C., Chief of 
Sections on Anesthesia and Operating Pavilion, 
and Resuscitation and Oxygen Therapy. (1, 
1933) 

Mason, Edward C., M.D., Ph.D. University of 
Oklahoma School of Medicine, Oklahoma City. 
Professor of Physiology. (1, 1935) 

Mason, H. L., M.A., Ph.D. Mayo Clinic, Roches- 
ter, Minn. Associate Professor of Physiological 
Chemistry, The Mayo Foundation, University 
of Minnesota. {2, 1941) 

Mason, Karl Ernest, Ph.D. The University of 
Rochester, School of Medicine and Dentistry, 
Rochester, N. Y. Professor of Anatomy. 
(1, 1932; 5, 1941) 
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Mason, Morton F., Ph.D. Vanderbilt University 
Medical School, Nashville 4, Tenn. Associate 
Professor of Biochemistry; Research Associate in 
Medicine. (2, 1938) 

Massengale, Oliver N., Ph.D. Mead Johnson & 
Co., Research Laboratory, Evansville, Iiid. Re- 
search Biochemist. (2, 1937) 

Mast, S. O., Ph.D. Johns Hopkins University, 
Baltimore, Md. Professor of Zoology. (1, 
1920) 

Mathews, Albert Prescott, Ph.D., D.Sc. (hon.). 
Woods Hole, Mass. Professor Emeritus of 
Biochemistry, Univ. of Cincinnati. (1, 1898; 2, 
1906) 

Mattill, Henry A., A.M., Ph.D. State University 
of Iowa, Iowa City. Professor of Biochemistry. 
(1, 1913; 2, 1909; 5, 1933) 

Maurer, Frank W., Ph.D. Harvard School of 
Public Health, 55 Shattuck St., Boston, Mass. 
Assistant Professor of Physiology. (1, 1941) 

Mavor, James Watt, Ph.D. Union College, 
Schenectady, N. Y. Professor of Biology. 
(1, 1930) 

Mayerson, Hymen S., Ph.D. Tulane University 
School of Medicine, Station 20, New Orleans, La. 
Associate Professor of Physiology. (1, 1928) 

Maynard, Leonard A., Ph.D. Cornell University, 
Ithaca, N. Y. Professor of Animal Nutrition; 
Director of United Stales Soil, Plant and Nutri- 
tion Laboratory. (2, 1930; 5, 1933) 

McCann, William S., M.D., D.Sc. (hon.). Uni- 
versity of Rochester, School of Medicine, 
Rochester, N. Y. Dewey Professor of Medicine. 
(2, 1923; 5, 1933) 

McCarrell, June D., M.A., Ph.D. Dept. Surgica 
Research, Massachusetts General Hospital, 
Boston. Research Fellow in Anesthesia, il/as,<!a 
chusetts General Hospital; Instructor in Physi- 
ology, Harvard School of Public Health. (1, 
1942) 

McCay, Clive M., M.S., Ph.D. Animal Nutrition 
Laboratory, Cornell University, Ithaca, N. Y. 
Professor of Animal Nidrition. (2, 1929; 5, 
1933) 

McClellan, Walter S., M.D. Saratoga Spa, 
Saratoga Springs, N. Y. Medical Director; 
Associate Professor of Medicine, Albany Medical 
College. (1, 1931) 

McClendon, J. F., M.S., Ph.D. Route 1, Trooper 
Road, Norristown, Pa. Research Professor of 
Physiology, Hahnemann Medical College. (1, 
1910; 2, 1914; 5, 1935) 

McClosky, William T., B.A. 5120 7th St., N.W., 
Washington, D. C. Senior Pharmacologist, Div. 
of Pharmacology, Food and Drug Administra- 
tion, Federal Security Agency. (3, 1929) 

McCollum, Elmer Verner, M.A., Ph.D., Sc.D., 
LL.D. Johns Hopkins University, School of 
Hygiene and Public Health, 615 N. Wolfe St., 


Baltimore, Md. Professor of Biochemistry; 
Member, National Academy of Sciences. (2, 
1910; 5, 1933) 

McCouch, Grayson Prevost, M.D. University of 
Pennsylvania, Philadelphia. Assistant Profes- 
sor of Physiology. (1, 1925) 

McCrea, Forrest D., Ph.D. Duke University 
School of Medicine, Durham, N. C. Associate 
Professor of Physiology and Pharmacology. 
(1, 1929; 3, 1937) 

McCrudden, F. H., M.D. 501 Boylston St., 
Boston, Mass. Assistant Medical Director, New 
England Mutual Life Insurance Co. (2, 1906) 
McCullagh, D. Roy, M.Sc. (Man.); Ph.D. (Can- 
tab.), FIC. 150 Northfield Rd., Bedford, 0. 
Vice-President. (2, 1932) 

McCulloch, Warren Sturgis, M.A., M.D. Uni- 
versity of Illinois, College of Medicine, Chicago. 
Associate Professor of Psychiatry. (1, 1936) 
McCutcheon, Morton, M.D. University of Penn- 
sylvania Medical School, Philadelphia. Profes- 
sor of Pathology. (4, 1925) 

McDonald, Claude H., D.Sc. 5707 T St., Little 
Rock, Ark. Head, Department of Physiology 
and Pharmacology, Arkansas University School 
of Medicine. (1, 1936) 

McDonald, Francis Guy, M.S., Ph.D. Research 
Laboi-atory, Mead Johnson & Co., Evansville, 
Ind. Research Biochemist. (2, 1936) 
McEllroy, William Swindler, M.D. School of 
Medicine, Univcrsit 3 ’’ of Pittsburgh, Pittsburgh, 
Pa. Professor of Physiological Chemistry; Dean, 
School of Medicine. (2, 1919) 

McFarland, Ross A.,* Ph.D. Harvard University, 
Division of Industrial Research, Graduate School 
of Business Administration, Soldiers Field, 
Boston, Mass. Assistant Professor of Industrial 
Research. (1, 1943) 

McFarlane, William Douglas, Ph.D. Macdonald 
College, (McGill University), Macdonald Col- 
lege, P. Q., Canada. Professor of Chemistry. 
(2, 1933) 

McGinty, Daniel A., M.A., Ph.D. Parke, Davis 
& Co., Detroit, Mich. Research Physiologist. 
(1, 1925) 

McGuigan, Hugh Alister, Ph.D., M.D. 1853 
W. Polk St., Chicago, 111. Professor of Pharma- 
cology and Therapeutics, College of Medicine, 
University of Illinois. (1, 1907; 2, 1906; 3, 
1913) 

McHargue, J. S., M.S., Ph.D., D.Sc. 411 Tran- 
sylvania Park, Le.xington, Ivy. Head, Depart- 
ment of Chemistry, Kentucky Agricultural 
Experiment Station. (2, 1927) 

McHenry, E. W., M.A., Ph.D., F.R.S.C. School 
of Hygiene, University of Toronto, Toronto, 
Canada. Assistant Director, Connaught Labo- 
ratories; Associate Professor in Charge of Nutri- 
tion. (2, 1938; 5, 1935) 
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McIntyre, A. IL, I’h.D., M.D. CoIIoko of Mctli- 
c'mc, University of Kebniskn, -ISiid nnd J'lewcy 
Avc., Omnlin. Professor of Phi/siolom/ nnd 
P/mrmncoInp;;. (I, I0S3; .t, 1035) 

McKee, Clar.n M., Sqnildi Institute for Mcdic;\! 
Ucsonrcli, Xc'v nrniiswiek, N. ,T. Assisintil in 
Microhioloffi/. (fi, 1011) 

McLain, Paul L., M.O. University of PittshnrKh 
Medical School, PiltshurKli, Pa. Asshlnnt 
Professor of Ph’isiologii nnd Pharmncologt). 
(3. iolo) 

McLean, Franklin C., Pli.n., M.D. University 
of Chicaini, Chicago, 111. Professor of Pntlio- 
hgicnl Phi/siolog;/. (1. 19M; 2, 1910; 3, 1910) 
McLesler, James S., M.D., L(I,.n. University of 
.Vl.abama, 930 S. 20th St., llirminKliain. Pro- 
fessor of Medicine, (a, 1933) 

McMaslor, Philip D., M.D. Tlic liockcfcllcr 
Institute for Mcdic,al liesearch, CGth St. and 
York Avc., X'otv A'ork City. (-1, 1921) 
McMeekin, Thomas L., Ph.D. liiastoni llegional 
llcscarch Diliomtory, U. S. lOcparlment of 
.VgricuUurc, Philadelphia, Pa. i?cnior Chemist. 
(2, 1935) 

MacNabb, Andrew L., V.S., B.V.Sc., F..\.P.ir..-\. 
Department, of llc.alth of Ontario, Toronto, 
Canada. Director of Lahoralorics. (G, 1911) 
McNaughI, James Bernard, M.D. Stanford Uni- 
versity School of Medicine, .San Franci.sco, Calif. 
-issociatc Profc.isor of Pathology. (-1, 1930) 
McPhail, Murchic Kilburn, Ph.D. D.ilhoiisie 
University, Halifax, Xova Scotia. Professor of 
Pharmacology. (3, 1941) 

McQuarrie, Irvine, Ph.D., M.D. University of 
^Minnesota, Minneapolis. Professor and Head 
of Dcparlrncnt of Pediatrics. (4, 192”; 3, 1933) 
Medcs, Grace, Ph.D. Lankenau Hospital Tie- 
search Institute, Philadelphia, Pa. liesearch 
Physiological Chemist. (2, 1930) 

Medlar, Edgar M., M.D. Metropolitan Life 
Insurance Co. Sanatorium, Mt. McGregor, 
X. y. Pathologist. (4, 1927) 

Meek, Walter J., Ph.D. University' of Wisconsin, 
Madison. Professor of Physiology; Assistant 
Dean of the Medical School. (I, 190S) 

Mellon, Ralph R., M.D., M.Sc., Dr. P.H., Sc.D. 
(hon.). Institute of Pathology, Western Penn- 
sy'lvania Hospital, Pittsburgh. Director. (6, 
191S) 

Melnick, Daniel, Ph.D. Food Research Labora- 
tories, Inc., 48-14 33rd St., Long Island City', 
X. Y. Chief Chemist. (2, 1940 ; 5, 1942) 
Melville, Kenneth Ivan, M.Sc., M.D,, CXI, 
AIcGill University, Montreal, Canada. Assist- 
ant Professor of Pharmacology. (3, 1931) 
Mendenhall, Walter L., S.M., M.D. Boston 
■ University' Medical School, SO E. Concord St., 
Boston, Mass. Professor of Pharmacology, 
(1, 1915; 3, 1917) 


Mcnkin, Vnly, M.,\., M.D. Fearing Research 
Laboratory, Free Ho.spital for Women, 245 
Poml ,Ave., Brookline, Mn.s.s. Assistant Pro- 
fessor of Pathology. (I, 1932; 4. 1932; G, 1931) 
Mcnfcn, Mniid L., M.D., Pli.D. University of 
Pittshurgh, Pitl.shurgli, Pa. Associate Profes- 
sor of Pathology. (1, 1915; 4, 1927) 

Menzel, Arlliiir E. O., I’h.D. 'J’iie .Sipiihl) In.sfi- 
tutc for Medical Rcscareli, Xow BrnnHwick, 
N. .1. As.tociVitc. {G, 1939) 

Moltier, Sfney II., M.D. University of Cali- 
fornia Hospital, S.in Francisco. Associate Pro- 
fessor of Medicine. (4, 1932) 

Aleltlcr, Fred A., A.M., Ph.D., M.D. Department 
of X'enrology, College of Phy.sici.'in.s and Sur- 
geons, Columbia Univer-sily, New York City. 
(1, 1937) 

Meyer, Curtis E., M.S., Pli.D. The Upjolin Co., 
Kalainar.oo, Mich, liesearch Chemist. (2,1912) 
Meyer, Knrl, M.D., I’ii.D. C30 W. ICStii St., 
Xew York City. Associate Professor of Jiio- 
logicol Chemistry, College of Physicians and 
•Surgeons, Chdumbin Unircrsiiy. (2, 1934) 
Meyer, Karl F., M.D., Pli.D, Alcdical Center, 
San Francisco, Calif. Professor of Bacteri- 
ology, University of California. Director of the 
George Wtlltams Hooper Foundation for Medical 
Research. (4, 1930; G, 1922) 

Meyerhof, Otto, M.D., LL.D. Department of 
Physiological Clicmistry, University of Penn- 
sylvania Sciioo! of DIcdicino, PliiJadolpIna. 
Research Professor of Biochemistry. (2, 1941) 
Michaclis, Leonor, M.D. Rockcfollor Institute 
for Mcdicid Rcscareli. GOtli St. and York Avc., 
Xeiv York City. Member Emeritus. (2, 1929) 
Midcr, George Burroughs, M.D. Cornell Uni- 
versity Mcdic-al College, 1300 York Ave., Xcw 
York City. Assistant Professor of Pathology. 
(4, 1940) 

Miles, Walter R., A.M., Ph.D. 333 Cedar St., 
Xciv Haven, Conn. Professor of Psychology, 
The School of Medicine and the Inslilnle of 
Human Relations, Yale University; Member of 
the National Academy of Sciences. (1, 1919) 
Milhorat, Ade T., M.D. Cornell University 
Medical College, 1300 York Ave., New York City. 
Assistant Professor of Medicine and Instructor 
in Pharmacology; Research Fellow, Russell Sage 
Institute of Pathology. (1, 1934; 3, 1937; 5, 
1935) 

Miller, B. F., Ch.E., M.D. University of Chi- 
cago, Chicago, 111. Assistant Professor of Medi- 
cine. (2, 1938) 

Miller, Carey D,, University of Hawaii, Honolulu. 
Professor of Food and Nutrition, Hawaii Agri- 
cultural Experimental Station. (5, 1942) 

Miller, C. Phillip, M.D., hl.S. University of 
Chicago, Chicago, 111. Professor of Medicine. 
(4, 1925; 6, 1928) 
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Miller, Edgar C. L., M.D. %Library, Medical 
College of Virginia, Richmond. Directing Li- 
brarian. (6, 1913) 

Miller, Edgar G., Jr., Ph.D. 630 W. 16Sth St., 
New York City. Professor of Biological Chem- 
istry, Columbia University. (2, 1930) 

Miller, Franklin R., M.D. Jefferson Medical 
College and Hospital, Division of Hematology, 
Philadelphia, Pa. Associate Professor of Medi- 
cine. (4, 1940) 

Miller, Frederick R., A.M., M.D., F.R.C.P. (C), 
F.R.S. Faculty of Medicine, University of 
Western Ontario, London, Ont., Canada. Pro- 
fessor of Physiology. (1, 1908) 

Miller, G. H., A.M., M.D. American University 
of Beirut, Beirut, Syria. Dean of the College of 
Medicine. (3, 1925) 

Miller, Lloyd C., Ph.D. Research and Biologic 
Laboratory, Winthrop Chemical Co., Rensselaer, 
N. Y. Senior Pharmacologist. (3, 1938) 

Miller, R. C., Ph.D. Pennsylvania State College, 
State College. Assistant Professor Agricultural 
and Biological Chemistry. (5, 1935) 

Miller, Zelma Baker, Ph.D. Department of 
Medicine, University of Chicago, Chicago, 111. 
Research Associate. (2, 1940) 

Millikan, Glenn A., Ph.D. Johnson Foundation, 
University of Pennsylvania, Philadelphia. Fel- 
loio in Biophysics. (1, 1940) 

Mills, Clarence A., Ph.D., M.D. 5046 Oberlin 
Blvd., Cincinnati, O. James T. Heady Profes- 
sor of Experimental Medicine, University of 
Cincinnati. (1, 1921; 2, 1921) 

Minot, Annie Stone, Ph.D. Vanderbilt Univer- 
sity Medical School, Nashville, Tenn. Re- 
search Associate, Department of Pharmacology. 
(1, 1923) 

Mirsky, Alfred E., Ph.D. Hospital of the Rocke- 
feller Institute, 66th St. and York Ave., New 
York City. Associate Member, Rockefeller Insti- 
tute. (2, 1941) 

Mirsky, I. Arthur, M.Sc., M.D., C.M. The Jewish 
Hospital, Cincinnati, 0. Director, The May 
' Institute for Medical Research; Assistant Profes- 
sor of Biochemistry, University of Cincinnati. 
(1, 1936) 

Mitchell, Harold H., M.S., Ph.D, Room 557, 
Old Agricultural Bldg., University of Illinois, 
Urbana. Professor of Animal Nutrition. (2, 
1919; 5, 1933) 

Mitchell, Helen S., Ph.D. 1321 S. Arlington Ridge 
Road, Arlington, Va. Chief Nutritionist, Office of 
Foreign Relief and Rehabilitation. (2, 1925 ; 5, 
1933) 

Mitchell, Philip H., Ph.D. Brown University, 
Providence 12, R. I. Robert P. Broiun Profes- 
sor of Biology. (2, 1909) 


Molitor, Hans, M.D. 50 Lawrence St., Rahwa; 
N. J. Director, Merck Institute for Therapeut 
Research. (1, 1933; 3, 1942) 

Molomut, Norman, M.A., Ph.D. 200 Walni 
St., Yellow Springs, 0. Assistant Bacteric 
ogist. Department of Medicine, Columbia Un 
versity {on leave); First Lieutenant, Army < 
U. S. Aero Medical Research. (6, 1942) 

Moon, Virgil H., M.Sc., M.D. Jefferson Medic 
College, Philadelphia, Pa. Professor of P 
thology. (4, 1934) 

Moore, A, R., Ph.D. University of Orego; 
Eugene. Research Professor of General Phys 
ology in the Department of Psychology. (1, 1911 
Moore, Carl Vernon, M.D. Washington Unive 
sity School of Medicine, St. Louis, Mo. Assi 
date Professor of Medicine. (4, 1938; 5, 194] 
Moore, Lane A., Ph.D. University of Marylani 
College Park. Research Assistant in Daii 
Husbandry. (5, 1940) 

Moore, Robert .4., M.D. Washington Universif 
Medical School, St. Louis, Mo. Professor i 
Pathology. (4, 1929) 

Moore, Robert M., M.D. 5808 Westminster, S 
Lous, Mo. Lt. Col., M.C. (1, 1932) 

Moorhouse, Victor Henry K., M.B. Universit 
of Manitoba, Winnipeg, Canada. Professor i 
Physiology. (1, 1912) 

Morgan, Agnes Fay, M.S., Ph.D. University c 
California, Berkeley. Professor of Home Eci 
nomics; Biochemist, Agric. Exp. Station; Heat 
Department of Home Economics. (2, 1929; f 
1933) 

Morgan, Clifford T,, M.A., Ph.D.* Harvard Uni 
versity, Cambridge, Mass. Faculty Instructor i. 
Physiological Psychology. (1, 1943) 

Morgulis, Sergius, A.M., Ph.D. University o 
Nebraska College of Medicine, Omaha. Pro 
fessor of Biochemistry. (1, 1914; 2, 1916) 
Morison, Robert S., M.D. Harvard., Mcdica 
School, Boston, Mass. Assistant Professor o. 
Anatomy. (1, 1938) 

Moritz, Alan R., M.D. Harvard Medical School 
Boston, Mass. Professor of Legal Medicine 
(4, 1934) 

Morrell, Clarence Allison, M.A., Ph.D. Depart- 
ment of Pensions and National Health, Labora- 
tory of Hygiene, Susse.v and John Sts., Ottawa, 
Canada. Senior Pharmacologist. (3, 1937) 
Morris, Harold P. National Cancer Institute, Na- 
tional Institute of Health, Bethesda, Md- 
(5, 1943) 

Morris, Marion C., M.S., Ph.D. Department of 
Plant Science, Vassar College, Poughkccp.sic, 
N. Y. (G, 1936) 

Morrison, Dempsie B., iM.S., Ph.D. University 
of Tennessee College of Medicine, 

Associate Professor of Chemistry. (2, / 
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Morfc, Minrrvn, M.S., Di.l'). WXi KiniLark 
Avp.. Cliirapi). III. ICrfcarch Affociatr, Drpnrt- 
r;ail 0 / I’cdialricf, Vniirrfili/ of C>iirn(in. 
(2. IMi) 

Morse, M'Khrow, I’h.D. n2 Mniirlirster Kd., 
Easlclicstcr, via Turkalioe, X. V. Consuitnnt. 
(2, IPH) 

.Morlimcr, Bernard, Tli.n.. M.IL Cook County 
Hospital, Cliicapi, III. (I, HWi) 

Morton, John J., M.D. I'nivorsity of Hoclic'.ster, 
Sc1kx) 1 of MeiUciue atul nontistry, Horliester, 
X. Y. /’ro/r.'.'or 0 / .‘Niirprri;. (-1,1027) 
Mo«enlhal, Herman O., AI.ll. ,''''0 Lexington 
.\vc., ,\cu' A'ork City, /’ni/rssor of Mrilinw, 
.Yfir York Post-Gradualr. Mcdtral ScIkkiI. (2, 


1015) 

Moulton, C. Ilolicrt, Ph.D. .5717 Keinvood Avc., 
Chicapi, 111. luiilor. (.5, 10.5.5) 

Moyer, Carl A., I’li.D.* I'niver.-sity of .Micliipm, 
Mcdieal School, Ann .Arlior. Afsistonl /’rnfissor 
of Svrgerij. (I, 1013) 

Mudd, Stuart, .M.D. Univrr.-;ity of IVnn- 

sylrania, Thiladclpliin. Profc'^sor of Uactcri- 
ohgy. (1. 1021 ; 4. 1027; G. 1027) 

Muehiberger, Clarence 5V., M.S,, I’h.D. Si.atc 
Health Department Lalxiratorics, Ltnsing.Mich. 
State Toiieolopiitt. (3. 102S) 

.Mueller, J. Howard, M.S., Ph.D. 2170 Centre 
St., 5Y. Ro.xbury, Mass. Profesfor of Bacteri- 
chgy and Immunology, JJari ard Mcdieal School. 
(2, 1922; 4, 1027 ; 0, 1020) 

Mukherji, B., M.B., D.Sc. AH-India Institute of 
Hygicnoand Public IIe.alth, Calcutt.a. Director, 
Biochemical Standardization Laboratory. (3, 
193S) 

Mulder, .-Vrlhur G., Ph.D. University of Ten- 
nessee College of Medicine, Memphis. Asso- 
ciate Pro/cssor 0 / Physiology. (1, 1937) 

Mulinos, M. G., M.D., Ph.D. College of Physi- 
cians and Surgeons, Columbia University, 630 
M’. 16Sth St., Kew York Cit}'. Associate Profes- 
sor of Pharmacology. (3, 1931) 

Mull, James M'., Ph.D. Maternity Hospital, 
2065 Adclbort Ed., Cleveland, O. Senior In- 
structor in Biochemistry in eharge of Biochemical 
Besearch in Obstetrics, H'estern licscrrc Uni- 
rersity. (2, 1937) 

Mullin, F. J., M.S., Ph.D. University of Chicago, 
Chicago, 111. Assistant Professor of Physiology. 
(I, 1937) 

Munscll, Hazel E., M.A., Ph.D. Havemeyer 
Hall, Columbia University, New York City. 
(S. 1933) 

Muntwjier, Edward, Ph.D. IVestern Eeserve 
University, 2109 Adelbert Ed., Cleveland, O. 
Professor of Experimental Biochemistry. (2, 
1931) 

Murlin, John H., A.M., Ph.D., Sc.D. University 
of Boohester Aledical School, 260 Crittenden 


Elvd., Eoclioster, K, Y. Lcici.s P. Boss Profes- 
sor of Physiology and Director of Department of 
Vital AVoiioimi'c.'!. (1, 1900; 2, lOOS; .5, 1933) 
Murphy, Jnmr.s IL, M.D. Eocitofellcr Institute 
for .Medical Ec.scarch, CGth St. nnd York Avc., 
New York City. Member. (4, jtrior to 1920) 
Murray, Kvcrilt G. D., O.H.E., E.A. honors in 
N'litiirol .Science, M.A., L.M.S.S.A., F.E.S.C. 
McGill University, Moiitrtxal, C.atindti. Profes- 
sor of Bacteriology and Immunology and Head 
of the Department, McGill Universilij; JJactcri- 
otogisl-iii-Chief to the. Itoyal Victoria Hospital, 
to the Children’s Memorial Hospital and to the 
,-1/crandrn Hospital. (C, 1933) 

Myers, Chester N., Pli.D., Sc.D. .5-1 Cedar Place, 
Yonkers 5, N. Y. Chief, Division Chcmalhcr- 
apy, .V. Y. Skin and Cancer Hospital; .-Isso- 
ciate in Dermatology and Syphilology, College of 
Physicians and Surgeons; Ilcscarch Chemist, 
Vanderbilt Clinic; Director, Chemical and 
Clinical llesenrch, H. .1, Mel: Laboratories, 
Inc. (2. 1922) 

Myers. Victor C., M.A., Ph.D., Sc.D. .School of 
Medicine, Western Eeserve University, Cleve- 
land, O. Professor nnd Director of Biochemistry. 
(1, 1910:2, 1910; 5, 19.53) 

Naclimnn.sohn, David, M.D. I-aboratory of Phy- 
siology, School of Medicine, Yale University, 
New Haven, Conn. (1, 1910) 

Nadlcr, J. Ernest, M.D., Med. D.Sc. 477 First 
.■\ve., New York City. Instructor in Medicine. 
(3, 1910) 

Nahum, Louis N., M.D. 1142 Chapel St., Now 
lliivcn. Conn. Assistant Professor of Physi- 
ology, Yafc University. (I, 1934) 

Nash, Thomas P., Jr., AI.A., Ph.D. S75 Monroe 
Avc., Memphis, Tcnn. Professor of Chemistry, 
College of Medicine; Dean of School of Biological 
Sciences, Universily of Tennessee. (2, 1923) 
Nasset, Edmund S., M.S., Ph.D. University of 
Bochester, 200 Crittenden Blvd., Rochester, 
N. Y'. Associaic Professor of Physiology; 
.Major, Sail. Corps. (1, 1932; 5, 1940) 
Nathanson, Ira T., M.S., ALD.* Massachusetts 
General Hospital, Boston. Instructor in Surgery, 
Harvard Medical School; Assistant in Surgery, 
Mass. General Hospital. (1, 1943) 

Nathanson, Morris D., M.D. 65S S. Bonnie Brae 
St., Los Angeles, Calif. Associate Clinical Pro- 
fessor of Medicine, University of Southern Cali- 
fornia School of Medicine. (3, 1940) 

Necheles, Heinrich, M.D,, Ph.D. Michael Reese 
Hospital, Chicago, 111. Director, Dept, of 
Gaslro-inlcstinal Physiology, Michael Reese 
Hospital; Professorial Lecturer in Physiology , 
University of Chicago. (1, 1929) 

Neill, James M., Ph.D. Afedical College, Cornell 
University, 1300 York Ave., New A'^ork City. 
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Professor of Bacteriology and Immunology. 
(6, 1930) 

Neilson, Charles Hugh, A.M., Ph.D., M.D. 
Humboldt Building, St. Louis, Mo. Associate 
Dean and Professor of Medicine, St. Louis 
University Medical School. (2, 1906) 

Nelson, Arthur A., M.D., Ph.D. Food and Drug 
Administration, Federal Security Agency, Wash- 
ington, D. C. Senior Pathologist, Division of 
Pharmacology. (4, 1942) 

Nelson, Carl Ferdinand, M.D., Ph.D. Depart- 
ment of Biochemistry, University of Kansas, 
Lawrence. Professor of Physiological Chemis- 
try. (2, 1914) 

Nelson, Erwin E., Ph.D., M.D. The Burroughs 
Wellcome and Co., Experimental Research 
Laboratories, Tuckahoe, N. Y. Director of Re- 
search Laboratories. (1, 1923; 3, 1924) 

Nelson, E. M., M.S., Ph.D. Food and Drug 
Administration, Federal Security Agency, Wash- 
ington 25, D. C. Chief, Vitamin Division. (2, 
1927; 5, 1933) 

Nelson, John B., Ph.D. Rockefeller Institute for 
Medical Research, Princeton, N. J. Associate 
Member. (4, 1934) 

Nelson, John M., Ph.D. Columbia University, 
New York City. Professor of Organic Chem- 
istry. (2, 1923) 

Nelson, P. Mabel, M.S., Ph.D. Iowa State 
College, Ames. Professor and Head of Depart- 
ment of Foods and Ntdriiion. (5, 1934) 

Nelson, Tell, M.A., M.D. 1st Station Hospital, 
A.P.O. 915, % Postmaster, San Francisco, 
Calif. Major, M. C., U. S. A. (6, 1938) 
Nelson, Victor E., M.S. Iowa State College, 
Ames. Professor of Physiological Chemistry. 
(2, 1924 ; 5, 1933); 

Nelson, Warren O., M.S., Ph.D. Wayne Uni- 
versity College of Medicine, Detroit, Mich. 
Professor of Anatomy. (1, 1937) 

Neter, Erwin, M.D. School of Medicine, Uni- 
versity of Buffalo, 24 High St., Buffalo, N. Y. 
Attending Bacteriologist, Children’s Hospital. 
(6, 1937) 

Nettleship, Anderson, M.D. National Cancer 
Institute, National Institute of Health, U. S. 
Public Health Service, Bethesda, Md. Passed 
Assistant Surgeon. (R) (4, 1942) 

Neurath, Hans, Ph.D. School of Medicine, Duke 
University, Durham, N. C. Assistant Professor 
of Biochemistry. (2, 1940) 

Neuwelt, Frank, M.D. 504 Broadway, Gary, 
Ind. Research Associate, Department of Gastro- 
intestinal Research, Michael Reese Hospital. 
(1, 1940) 

Neuwirth, Isaac, Ph.D. 209 E. 23rd St., New 
York City. Associate Professor of Pharma- 
cology and Therapeutics, New York University 
College of Dentistry. (2, 1924 ; 3, 1931) 


Newburgh, L. H., M.D. University of Michigan, 
Ann Arbor. Professor Clinical Investigation, 
Medical School. (5, 1933) 

Nice, Leonard B., Ph.D. Chicago Medical School, 
710 S. Wolcott Ave., Chicago, 111. Professor of 
Physiology and Pharmacology. (1, 1921) 

Nicholas, John S., M.S., Ph.D. Osborn Zoological 
Laboratory, Yale University, New Haven, Conn. 
Bronson Professor of Comparative Anatomy. 

(I, 1927) 

Nicholson, Hayden C., M.S., M.D. University of 
Michigan, Ann Arbor. Associate Professor of ' 
Physiology. Captain, 29th Altitude Training 
Unit, San Antonio Aviation Cadet Center, San 
Antonio, Texas. (1, 1932) 

Nicolet, Ben H., Ph.D. Bureau of Dairy In- 
dustry, U. S. Department of Agriculture, Belts- 
ville, Md. Senior Chemist. (2, 1932) 

Niemann, Carl G., Ph.D. California Institute of 
Technology, Pasadena 4, Calif. Associate Pro- 
fessor, Organic Chemistry. (2, 1940) 

Nigg, Clara, M.A., Ph.D. Camp Detrick, Fred- 
erick, Md. (G, 1929) 

Nims, Leslie P., M.A., Ph.D. Yale University 
School of Medicine, 333 Cedar St., New Haven, 
Conn. Assistant Professor of Physiology. (1, 

1940) 

Noble, Robert Laing, M.D., Ph.D. Research 
Institute of Endocrinology, McGill University, 
Montreal, Canada. Research Assistant. (1, 

1941) 

Nord, F. F., Ph.D. Fordham University, New ‘ 
York City. Professor of Chemistry. (2, 1940) 
Norris, Earl R., Ph.D. University of Washington, 
Seattle. Professor of Chemistry. (2, 1938) 

Norris, L. C., Ph.D. Rice Hall, Cornell Univer- 
sity, Ithaca, N. Y. Professor of Nutrition; 
Secretary, School of Nutrition. (2, 1939 ; 5, 1934) 
Northrop, J. H., M.A., Ph.D., Sc.D., LL.D. 
Rockefeller Institute for Medical Research, 
Princeton, N. J. Member. (2, 1938) 

Northup, David W., M.A., Ph.D. West Virginia ; 
University Medical School, Morgantown. Asso- j 
date Professor of Physiology. (1, 1936) i 

Novy, F. G„ M.D., Sc.D., LL.D. 721 Forest I 
Ave., Ann Arbor, Mich. Dean Emeritus of the ! 
Medical School and Professor EmeriUts of Bac- | 
teriology. University of Michigan; Member, 
National Academy of Sciences. (2, 1906) 

Nye, Robert N., M.D. 32 Lawrence Rd., Chest- 
nut Hill, Mass. Editor, New England Journal 
of Medicine. (6, 1923) 

Oberst, Fred W., M.S., Ph.D. U. S. Public 
Health Service Hospital, Lexington, Ky. Bio- 
logical Chemist. (2, 1936) 

Ochoa, Severo, M.D. New York University 
College of Medicine, New York City. Research 
Associate in Medicine. (2, 1942) 
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ORdcn, Eric, M.K.C.S. (Eiifcland), L.H.C.P. 
(iKtudon). Fnivcrsily of California, Berkeley. 
ARsManI Profc.t!:or of Phtisiofogy, (1, 1011) 
O’Hnrc. James P., M.D. 520 Commonwealth 
Ave., Boston, Mass. Phyaicion, Peter Pent 
Brighnin llorpitnl; Aeristanl Profersor of 
Medicine, Ilan ard Medicol School. (-1, 1027) 
Okey, Until, Pli.O. 158,0 Life Science.^ Blilg,, 
University of California, Berkeley. Asrocialc 
Professor of Home Hconomics; Associntc Iiio~ 
chemist, State, A’x)). Station, Collrpr of Agricul- 
ture (2, 1022;. 5, 1033) 

Olcott, Harold S., M.S., Pli.D. Western UoRional 
Research Lxboratory, U. S. Deiiarlment of 
Agricnltnre, Alhany 0, Calif, .Senior Chemist. 
(2, 1035) 

Oldham, Frances Kathleen, M.S., Pli.D. Uni- 
versity of Chicago, Chicago, 111. Research 
Assistant in Phannncology. (3, 10 U) 

Olilsky, Peter K., M.D, Rockefeller Institute 
for Medical Research, CGth St. and York .Vve., 
New York City. .l/fni5cr. (-1. 1023; C, 1017) 
Oliver, Jean Redman, M.D. Ilo.agland Libora- 
tory, 335 Henry St., Brooklyn, X. Y. Professor 
of Pathology, Jxing Island College of Medicine. 
(1. 1924; •!, 1021) ' 

Oliver, Wade W., M.D. llongland Lnlwratory, 
335 Henry St., Brooklyn, X. Y. Professor of 
Bacteriology, Long Island College of .Medicine. 
(4, 1925) 

Olmsted, J. M, Dm M.A., Pli.D. University of 
C.alifornia, Berkeley. Professor of Physiology. 
(1, 1920) 

Olson, Carl, Jr., D.V.M., Pli.D. M.assacinisctts 
State College, Amherst. Research Professor of 
Veterinary Science. (4, 1937) 

Opie, Eugene L„ M.D., Se.D., LL.D. Cornell 
Universit}' Medical College, 1300 York .-Ivc., 
Xew A'ork City. Member, Xational Academy 
of Sciences. (1, 1906; 4, prior to 1920; G, 1923) 
Oppenheimer, Enid Tribe. 124 E. 01st St., New 
York City. Instructor in Physiology, Columbia 
University. (1, 1932) 

Oppenheimer, Morton Joseph, Ed.M., M.D. 
3400 X. Broad St., Philadelphia, Pa. Associate 
Professor of Physiology, Temple University 
School of Medicine. (1, 1942) 

Orenl-Keiles, Elsa, D.Sc. Bureau of Human 
Xutrition and Home Economies, U. S. Dep.art- 
ment of Agriculture, Beltsvdlle, Md. In Charge 
of Nutrition Investigations; Assistant Chief, 
Foods and Nutrition Division. (2, 1935; 5, 
1935) 

Ort, John M., Ph.D. 356 Raymond St., Rockville 
Centre, Long Island, N, Y. Research Chemist, 
E. R. Squibb and Sons Co. (2, 1932) 

Orten, James M., M.S., Ph.D. Wayne University 
College of Medicine, Detroit, Mich. A'ssistant 


Professor of Physiological Chemistry. (2, 19,30; 
.5. 10.37) 

Orth, O, Sidney, M.S., Ph.D., M.D. University 
of Wiscoii.sin Medical School, Madison. Assistant 
Professor of Pharmacology. (1, 1942) 

Osborne, Stafford L„ B.P.E., M.S., Pli.D. 
Xorthwcstcrii University Mcdiail School, 303 
E. Chir.ago Ave,, Chicago, 111. Assistant Pro- 
fessor of Physical Therapy. (1, 1911) 

Ostcr, Robert H., Ph.D. Univer.sity of Maryland 
Mcdiail School, Greene aiu! Ixmiiiard Sla., 
Baltimore. Assistant Professor of Physiology. 
(1, 19.3S) 

Osterberg, Arnold E., M.S., Pli.D. Mayo Clinic, 
Roclu'stcr, Minn. Head, Clinical Biochemistry; 
A.ssociatc Professor, Mayo Foundation. (2, 
1033) 

Osterhout, W. J. V., Ph.D. Rockcfclicr Institute, 
COth St. and York .Ave., Xew York City. Mem- 
ber Emeritus of the Institute; Member of the 
National Academy of Sciences. (1, 1010) 

Owen, Seward E., M.S., Ph.D. 418 So. 20tli Ave., 
Maywood, III. Major, S. E. Sn. Corps. (1, 1038) 
Pack, George T., M.D. 155 East 72nd St., New 
York City. Fellow in Cancer Research, Memo- 
rial Hospital. (1, 1924) 

Page, Irvine H., M.D. Indianapolis City Hos- 
pital, Indiannjxilis, Ind. Director of Clinical 
Research. (1, 1937; 2, 1932) 

Painter, Eliisabcth E., Ph.D. College of Physi- 
cians and Surgeons, Columbia University, C30 
W. IGSfli St,, Xew York City. Instructor in 
Physiology. (I, 1941) 

Palmer, Albert H., Ph.D. Pennsylvania State 
College Scliool of Agriculture, State College. 
Assistant Professor of Biochemistry. (2, 1934) 
Palmer, Leroy S., A.M,, Ph.D. Snj'dcr Hail, Uni- 
versitj' Farm, St. Paul, Minn, Professor and 
Chief of the Division of Agricultural Biochem- 
istry, University of Minnesota. (2, 1920; a, 1933) 
P’An, S. Y., M.D. Peiping Union Medical Col- 
lege, Peiping, China. Assistant in Pharma- 
cology. (3, 1941 ) 

Pangborn, Mary C., Ph.D. 20 Morris St., Albany', 
N. Y. Assistant Biochemist, New York Slate 
Department of Health, Division of Laboratories 
and Research. (2, 1941) 

Pappenheimer, Alwin M., M.D. G30 W. IGSth 
St., New York City. Professor of Pathology, 
Columbia University. (4, 1922) 

Pappenheimer, Alwin, M., Jr., Ph.D. Harvard 
Medical School, Boston, IMass. Captain, Sani- 
tary Corps, AUS. (2, 1941; G, 1938) 

Park, Edwards A., M .D . Johns Hopkins Hospital, 
Baltimore, Md. Professor of Pediatrics, Johns 
Hopkins University. (4, 1923) 

Parker, George Howard, Se.D. 16 Berkeley St., 
Cambridge, Mass. Professor of Zoology Emeri- 
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tus, Harvard University; Member of the National 
Academy of Sciences. (1, 1900) 

Parker, Robert F., M.D. Lakeside Hospital, 
2065 Adelbert Rd., Cleveland, O. Associate 
Professor of Medicine. (4, 1942; 6, 1935) 

Parkins, William M., M.A., Ph.D. School of 
Medicine, University of Pennsylvania, Phila- 
delphia. Research Fellow, Harrison Department 
of Surgical Research. (1, 1939) 

Parpart, Arthur K., Ph.D. Guyot Hall, Princeton 
University, Princeton, N. J. Associate Profes- 
sor of Physiology. (1, 1937) 

Parr, Leland W., Ph.D. The George Washington 
University School of Medicine, 1335 H St., N.W. 
Washington, D. C. Professor of Bacteriology. 
(4, 1940) 

Parsons, Helen T., M.S., Ph.D. University of 
Wisconsin, Madison. Professor of Home Econom- 
ics; In Charge of Purnell Research in Nutrition. 
(2, 1929; 5, 1933) 

Parsons, Robert J., M.D. University of Michi- 
gan, Ann Arbor. Assistant Professor of Path- 
ology. (4, 1939) 

Paschkis, Karl E., M.D. 1025 Walnut St., Phila- 
delphia, Pa. J. Ewing Mears Fellow in Physi- 
ology and Medicine, Jefferson Medical College; 
Chief Clinical Assistant, Endocrine Clinic, 
Jefferson Medical College Hospital. (1, 1942) 

Patterson, Thos. L., A.M., M.S., Ph.D. Wayne 
University College of Medicine, 1512 St. Antoine 
St., Detroit, Mich. Professor of Physiology. 
(1, 1920) 

Paul, John R., M.D., A.M. 330 Cedar St., New 
Haven, Conn. Professor of Preventive Medicine, 
Yale University Medical School. (4, 1927; 6, 
1937) 

Pearce, John Musser, M.D. Long Island College 
of Medicine, Hoagland Laboratory, 335 Henry 
St., Brooklyn, N. Y. Associate Professor of 
Pathology. (4, 1942) 

Pearce, Louise, M.D. Rockefeller Institute for 
Medical Research, Princeton, N. J. Associate 
Member in Pathology and Bacteriology. (3, 
1915; 4, 1925) 

Pearcy, Frank, Ph.D., M.D, 471 Park Ave., New 
York City. (1, 1928) 

Pearse, Herman E., M.D. School of Medicine 
and Dentistry, University of Rochester, Crit- 
tenden Blvd., Rochester, N. Y. Associate 
Professor of Surgery. (4, 1932) 

Pearson, Paul B., Ph.D. Texas A. & M. College, 
College Station. Professor in charge of Animal 
Nutrition. (5, 1940) 

Pease, Marshall C., Jr., M.D. 155 E. 62nd St., 
New York City. Clinical Professor of Pedi- 
atrics, New York Post-Graduate Medical School 
arid Hospital, Columbia University. (6, 1920) 


Pemberton, Ralph, M.S., M.D. University of 
Pennsylvania, Philadelphia. Professor of Medi- 
cine, Graduate School of Medicine. (5, 1933) 
Penfield, Wilder G„ M.D., D.Sc. McGill Uni- 
versity, Montreal, Que., Canada. Professor of 
Neurology and Neurosurgery. (1, 1932) 
Pennington, Mary Engle, Ph.D. 233 Broadway, 
New York 7, N. Y. Consultant in Connection 
with the Handling, Transportation and Storage 
of Perishables. (2, 1908) 

Peoples, S. Anderson, M.D. Baylor University 
College of Medicine, Houston, Texas. Professor 
of Pharmacology. (3, 1937) 

Perlzweig, William A., A.M., Ph.D. Box 3711, 
Duke Hospital, Durham, N. C. Professor of 
Biochemistry, Duke University; Biochemist, 
Duke Hospital. (2, 1924) 

Permar, Howard H,, M.D. Pathologie Labora- 
tories, Mercy Hospital, Pittsburgh, Pa. Direc- 
tor of Laboratories. (4, 1925) 

Peters, John P., M.D. 123 Marvel Road, New 
Haven 15, Conn. Sterling Professor of Medicine, 
Yale University. (2, 1922) 

Petersen, William F., M.D. 1322 Astor St., 
Chicago, 111. Professor of Pathology, University 
of Illinois. (3, 1923; 4, 1923) 

Peterson, William H., A.M., Ph.D. Biochemistry 
Building, University of Wisconsin, Madison. 
Professor of Biochemistry. (2, 1919; 5, 1936) 
Petroff, S. A., Ph.D., Sc.D. Sea View Hospital, 
West New Brighton, Staten Island, N. Y. 
Director of Bacteriology and Immunology. 
(6, 1926) 

Pett, L. B., M.D., Ph.D. Nutrition Services, 
Department of Pensions and National Health, 
Ottawa, Canada. Director. (2, 1937) 

Peugnet, Hubert B., M.D. 4530 McPherson, 
St. Louis, Mo. Major, M.C. (1, 1938) 

Pfeiffer, Carl C., Ph.D., M.D. Naval Medical 
Research Institute, Bethesda, Md. Lieutenant, 
M.C., U.S.N.R. (3, 1938) 

Pfiffner, Joseph J., Ph.D. 1007 Lincoln Ave., 
Ann Arbor, Mich. Research Chemist, Parke, 
Davis & Co., Detroit. (1, 1931; 2, 1931) 

Phatak, Nilkanth M., M.S., Ph.D. North Pacific 
College of Oregon, School of Dentistry, Portland. 
Associate Professor of Physiology, Pharmacology, 
and Research; and Instructor, Dept, of Phar- 
macology, University of Oregon Medical School, 
Portland. (3, 1941) 

Phillips, Paul H., Ph.D. University of Wisconsin, 
Madison. Professor of Biochemistry. (2, 1940; 

5, 1938) 

Phillips, Robert Allan, M.D. Rockefeller Insti- 
tute for Medical Research, New York* City* 
Fellow. (1, 1938) 

Pick, Ernst Peter, M.D. 19 E. 98th St., New York 
City. ' Associate Pharmacologist to the Mt. 
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Sinai Ilofpilal; Clinical Profeasor of Pharma- 
cology in Columbia Unircrsity. (3, 1010) 

Fierce, Hnrold IL, M.S., Pli.D. College of Medi- 
cine, University of Vermont, BnrliiiKlon. Pro- 
fessor and Head of Physiologknl Chemiotry. 

' '(2. 1033) 

Pierce, Harold Fisher, Pli.I)., M.D. Station Hos- 
pital, llandolirli Fielil, Texas. Major, S.C. (1, 
102S) 

Pierce, Ira H., M.S., Ph.D. Univ. of Iowa, Iowa 
City. Associate Professor of Pharmacology. 
(3, 1033) 

Pike, Frank H., Pii.D. C30 W. ICSth St., Now 
York City. As-sociafc Professor of Physiology, 
Columbia Unircrsity. (1, 1007) 

Pilcher, J, Douclas, M.O. City Hospital, Scran- 
ton Road, Clcvcl.and, O. A.s.<:ocin(e Professor of 
Pediatries, iVestern licserre .Medical School. 
(1, 1912; 3, 1911) 

Pillemcr, Louis, Ph.D. Box 105, Room 111, Army 
Medical School, .\rmy Medical Center, IVash- 
ington, D. C. First Lieutenant, Sanitary Corps, 
V. S. A. (G, 1942) 

Pincus, Gregory, M.S., Sc.D. Clark University, 
Worcester, Mass. Ufsilirijr Professor of Experi- 
mental Zoology. (1, 1935) 

Pinkerton, Henry, M.D. St. Ixmi.s University 
School of Medicine, St. Louis, ^lo. Professor of 
Pathology. (4, 1931) 

Pinkston, James O., Pli.D. c/o Mrs, James O. 
Pinkston, Near E.ast College Assn., ,50 IV. SOth 
St., New York, N. Y. (1, 1930; 3, 1039) 

Pinson, Ernest A., Ph.D.* Biophysics Branch, 
.\eromcdical Laboratory, Wright Field, Dayton, 
0. 1st. Lt. Air Corps. (1, 1943) 

Pittman, Martha S., A.M., Ph.D. K.ans.as State 
College, Manhattan. Head of Department of 
Food Economics and Nutrition. (5, 1933) 

Pitts, Robert F., Ph.D., M.D. New York Uni- 
versity College of Medicine, 477 First Avc., 
New York Citj% Assistant Professor of Physi- 
ology. (I, 1934) 

Plass, Everett D., M.D. University Hospital, 
Iowa City, Iowa. Professor and Head of De- 
partment of Obstetrics and Gynecology, State 
University of Iowa. (2, 1922) 

Plotz, Harry, M.D. Army Medical School, .Army- 
Medical Center, Washington, D. C. Chief of 
Virus and Rickettsial Laboratory. (6, 1917) 
Pohlman, Augustus G., M.D. 2202 W. Third 
St., Los Angeles, Calif. Associate Clinical 
Professor, Deparlment of Otolaryngology, Uni- 
versity of Southern California School of Medicine. 
(1, 1934) 

Pollack, Herbert, Ph.D., M.D. 20 E. 76th St., 
New York City. Associate in Medicine and 
Physician in Charge of Metabolism Clinics, Mt. 
Sinai Hospital. (1, 1933; 5, 1935) 


Pond. Samuel E., A.M., Ph.D. U. S. Naval Re- 
search Labomtory, Aiiacostia Station, Wnsh- 
ington, D. C. 1203 Enfield St., H. F. D., 
Thompsonvillo, Conn. (1, 1924) 

Ponder, Eric, M.D., Sc.D. The Nassau Hospital, 
Mincola, I.,ong Island, N. Y. (1, 1931) 

Popper, Hnn.s, M.S., M.D. University of Illinois 
College of Medicine, 1825 W. Harrison St., 
Cldciigo. Director of the Hektoen Institute for 
.Ifedical Research of Cook County Hospital. 
{•I, 1942) 

Porter, Eugene L., A.M., Ph.D. University of 
Tex.a.s, Afcdic-al Branch, Galveston. Professor of 
Physiology. (1, 1913) 

Porter, William Townsend, M.D., Sc.D., LL.D. 
Dover, Mass. Professor Emeritus of Compara- 
lirc Physiology, Harvard University. (I, 1891) 

Poller, Truman S., M.D. University of Cliicago, 
Cliicago, 111. Research Associate in Preventive 
Medicine. (C, 1939) 

Potter, Van Rensselaer, M.S., Ph.D. McArdle 
Memorial Laboratory', University' of Wisconsin 
Mcilical School, Madison. Assistant Professor of 
Oncology. (2, 1941) 

Povitzky, Olga R., M.D., D.P.II. 235 E. 22nd 
St., New York City. Raclcriologist, Bureau of 
Laboratories, New York City Department of 
Health. (G, 1920) 

Powell, Horace M., Sc.D. 6505 Washington 
Blvd., Indianapolis, Ind. Bacteriologist, Eli 
Lilly & Co. (6,1934) 

Power, MarschcIIc H., M.S,, Ph.D. Mayo Clinic, 
Rociicstcr, Minn. Associate Professor of Physi- 
ological Chemistry, Mayo Foundation, Univer- 
sity of Minnesota. (2, 1932) 

Del Pozo, E. C., M.D.* Harvard Medical School, 
Boston, Mass. Research Fellow, Harvard Medical 
School. (I. 1943) 

Pratt, Frederick H., A.M., M.D. SO E. Concord 
St., Boston, Mass. Professor of Physiology, 
Boston University School of Medicine. (1, 1919) 

Pratt, Joseph H., A.M., M.D. New England 
Medical Center, 25 Bonnet St., Boston, Mass. 
Physician-in-Chief, Boston Dispensary, and 
Joseph II. Pratt Diagnostic Clinic; Professor of 
Clinical Medicine, Tufts Medical School. (1, 
1910; 3, 1910; 4, 1927) 

Preisler, Paul W., M.S., Ph.D. 3420 Longfellow 
Blvd., St. Louis, Mo. Major, Sn.C., Brooke 
General Hospital, Fort Sam Houston, Texas. 
(2, 1931) 

Prinzmetal, Myron, M.A., M.D. 2007 Wilshire 
Blvd., Los Angeles, Calif. Instructor in Medi- 
cine and Lecturer in Physiology, University of 
Southern California Medical School. (3, 1941) 

Prosser, C. Ladd, Ph.D. University of Hlinois, 
Urbana. Assistant Professor 'of Zoology. (1, 
1935) 
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Pucher, George W., Pli.D. Connecticut Agri- 
cultural Experiment Station, New Haven. 
Research Associate. (2, 1927) 

Puestow, Charles B., M.D., M.S., Ph.D. Uni- 
versity of Illinois, College of Medicine, 1853 
W. Polk St., Chicago. Assistant Professor of 
Surgery. (1, 1934) 

Pugsley, Leonard I., Ph.D. Department of 
Pensions and National Health, Laboratory of 
Hygiene, Ottawa, Canada. Pharmacologist. 
(2, 1937) 

Queen, Frank B., M.D. Pa^savant Memorial 
Hospital, Chicago, 111. Assistant Professor of 
Pathology, A^orthwestern University Medical 
School; Assistant Director, Patterson Cancer 
Clinic of Northwestern University Medical School, 
and Director, Patterson Laboratory for Cancer, 
Research, Passavant Memorial Hospital; Direc- 
tor of Laboratories, Passavant Memorial Hos- 
pital. (4, 1941) 

Quick, Armand J., M.D., Ph.D. 561 N. 15th St., 
Milwjiukee, Wis. Associate Professor of Phar- 
macology, Marquette Medical School. (2, 1932; 
3, 1937) 

Quigley, J. P., Ph.D. Western Reserve Univer- 
sity, Cleveland, 0. Professor of Gastro-Intesli- 
nal Physiology. (1, 1929) 

Quinb}’, William Carter, M.D. Peter Bent Brig- 
ham Hospihal, Boston, Mass. Clinical Professor 
of Genito-urinary Surgery, Harvard Medical 
School. (1, 1916) 

Quinn, Edmond John, Ph.D. 106 N. Lee Ave., 
Rockville Center, Long Island, N. Y. Medic- 
inal Sales Division, Merck & Co., Inc., Rahivay, 
N.J. (2, 1927; 5, 1933) 

Rabinowitch, I. M., D.Sc.,M.D., C.M., F.R.C.P., 
F.A.C.P. The Montreal General Hospital, 
Montreal, Canada. Associate Professor of Medi- 
cine and Lecturer in Biochemistry, McGill 
University; Director, Department of Metab- 
olism, Montreal General Hospital. (2, 1928; 5, 
1933) 

Rackemann, Francis M., jM.D. 263 Beacon St., 
Boston, Mass. Physician, Massachusetts Gen- 
eral Hospital; Lecturer in Medicine, Harvard 
Medical School. (G, 1923) 

RalTel, Sidney, Sc.D., M.D. Department of 
Bacteriology and Experimental Pathology, Stan- 
ford University, Calif. Assistant Professor. 
(G, 193S) 

Raiziss, George W., Ph.D. 1720 Lombard St., 
Philadelphia, Pa. Professor of Chemotherapy, 
Graduate School of Medicine, and Director, 
Dermatological Research Laboratory , University 
of Pennsylvania. (2, 1913) 

Rake, Geoffrey W., M.B., M.R.C.S., L.R.C.P. 
Division of hlicrobiology. The Squibb Institute 
for Medic.al Research, New Brunswick, N. J. 
Head, Division of Microbiology. (G, 1939) 


Rakestraw, Norris W., A.M., Ph.D. Brown 
University, Providence, R. I. Associate Pro- 
fessor of Chemistry. (2, 1925) 

Rakieten, Nathan, Ph.D. 4 Hillhouse Ave., 
New Haven, Conn. Instructor in Applied 
Physiology, Yale University. (1, 1941) 

Ralli, Elaine P., M.D. 477 First Ave., New York 
City. Associate Professor of Medicine, New 
York University College of Medicine. (1, 1934; 
5, 1933) 

Ramsey, Robert Weberg, M.S., Ph.D. School of 
Medicine and Dentistry, Universitj’- of Roches- 
ter, Rochester, N. Y. Associate in Physiology. 
(1, 1939) 

Randall, Lowell O., Ph.D. Burroughs Wellcome 
Co., Tuckahoe, N. Y. Pharmacologist. (2, 1939) 
Randall, Walter C., M.S., Ph.D.* St. Louis Uni- 
versity, School of Medicine, 1402 S. Grjind Blvd., 
St. Louis, Mo. Instructor in Physiology. (1, 1943) 
Rane, Leo, Ph.D. Lcderle Laboratories, Inc., 
Pearl River, N. Y. Department Head, Normal 
Blood Plasma. (G, 1942) 

Rapoport, Samuel, M.D., Ph.D. The Children’s 
Hospital Research Foundation, Elland and 
Bethesda, Cincinnati, O. Research Associate. 
(2, 1941) 

Rapport, David, M.D. 416 Huntington Ave., 
Boston, Mass. Professor of Physiology, Tufts 
College Medical School. (1, 1922) . 

Rasmussen, Andrew Theodore, Ph.D. Univer- 
sity of Minnesota Medic.al School, Minneapolis. 
Professor of Neurology. (1, 1919) 

Ratner, Bret, M.D. New York Universit}’’ Col- 
lege of Medicine, 50 E. 7Sth St., New York City. 
Professor of Pediatrics. (4, 1940; G, 192S) 
Raulston, B. O., M.D. 200 S. Hudson .‘Vve., Ijos 
A ngeles, Calif. Professor of Medicine, Director 
of Clinical Teaching, and Associate Dean, the 
University of Southern California, School of 
Medicine. (3, 1942) 

Ravdin, I. S., hl.D. University’ of Pennsydvania 
School of Medicine, Philadelphia. Harrison 
Professor of Surgery; Surgeon, Hospital of the 
University of Pe7insylvania. (1, 1930; 4, 1930) 
Ray, George B., A.M., Ph.D. Long Island Col- 
lege of Medicine, 350 Hcniy St., Brooklyui, 
N. Y. Professor of Physiology and Pharma- 
cology. (1, 1924) 

Raymond, Albert L., Ph.D. G. D. Scarle & Co., 
P. 0. Box 5110, Chicago SO, 111. Director of Re- 
search. (2, 1932) 

Redfield, Alfred C., Ph.D. Woods Hole, M.iss. 
Professor of Physiology, Harvard University. 

(1, 1919) 

Reed, Carlos Isaac, A.M., Ph.D. College of 
Medicine, University’ of Illinois, 1S53 W. Polk 
St., Chicago. Professor of Physiology. (L 
1923) 
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Rccd, Howard S., PU.D. .WIS Life Soifiicpa 
BUis., Uiiivoraiiy of California, Berkeley. 
Professor of I’hnl PhpsMog’j. (2, 

Rees, Maurice Holmc.s, A.M., I'h.ll., M.l>. 
University of Colonolo SoUixil of Medicine, 
Deiu'cr. Professor of Phi/siolopii ari<l Phor- 
tnacologii; Dean of the Unirersil]/ of Colorntio 
School of ytedicinc and Hospitals. (I, 1022) 

Reid, Marion Adelaide, A.M., Pli.l). SO E. 
Concord St., Boston. Mass. Iiislnietor in 
Physiology, Poston Unirersitii. (1, 1011) 
Rcimann, Hobart A., M.P. .lelTerson Hospital, 
I’hiladolpUia, Pa. Professor of Medicine, Jef- 
ferson Medical College. (I, lO.T'i) 

Rcinnann, Stanley P.. M.D., Sc.O. 703 \V. Phil- 
Ellenn St., Mount .\iry, Pliil.adclpiiia, Pa. 
Direelor of the. Itrscarch Institute of the. Pankenau 
Ilaspilal; Associate Professorof Surgical Pathol- 
ogy, Graduate School of .^ledicinc, Unircr.sit;/ of 
Pennsylvania; Professor of Oncology, Hahne- 
mann .Medical College and Hospital, Philadel- 
phia. (1, 1021; -I, 1021) 

Reiner, Lnszio, M.D., Pli.D. Besoarcb llivision, 
Wallace A Ticrnan Co., Inc., Belleville, X. .1. 
(2. 1042; G. 10.33) 

Rcinhold, John G., M.S., Pii.D. Pliiladelpliia 
General Hospital, 34tli St. and Curie Ave., 
Phikadclpliia, Pa. Chief Piochemist; Instructor 
in Physiological Chemistry, University of Penn- 
sylvania. (2, 1030) 

Remington, John W., M.S., Ph.D.* Univcr.sity of 
Georgia, School of Medicine, -Augusta. Assistant 
Professor of PliT/siology. (1, 1043) 

Remington, Roc E., M..\., PIi.D., D.Sc. Medic.al 
College of South Carolina, Charleston. Pro- 
fessorof Nutrition and Director of Food Pescarch 
Laboratory. (2, 1930; 5, 1934) 

Renfrew, Alice G., Ph.D. Mellon Institute of 
Industrial Research, University of Pittsburgh, 
Pittsburgh, Pa. Fellow, Department of Pcscarch 
in Pure Chcinislry. (2, 1930) 

Renshaw, Birdsey, M.A., Ph.D. Oberiin College, 
Oberiin, 0. Assistant Professor of Physiology. 
(L 1941) 

Reynolds, Chapman, M.D. Louisiana State Uni- 
versity’, Kew Orleans. Assistant Professor of 
Pharmacology. (3, 1937) 

Reynolds, Samuel R. M., Ph.D. Department of 
Embryology', Carnegie Institution of Washing- 
ton, Wolfe and Madison Sis., Baltimore, Md. 
Research Associate. (1, 1932) 

Reznikotr, Paul, M.D. New T'ork Hospital, 525 
E. GSth St., New York City. Associate Pro- 
fessor of Clinical Medicine, Cornell University 
Medical College. (1, 1927) 

Rhoads, Cornelius Packard, M.D. Memorial 
Hospital, 444 E. 6Sth St., New A'ork City. 
Director. (4, 1930) 


nice, Christine E,, M.A., Pii.D. Department of 
Bacteriology, Queen’s University, Kingston, 
Onl.ario, Canada. (0, 193S) 

Rice, James C., A.M., Ph.D. University of Mis- 
sissippi, P. O, Box 475, University. Professor of 
Pharmacology, (3, 1011) 

Rich, Arnold Rice. M.D. .lolins Hopkins Hos- 
Iiitnl, Baltimore, Md, Associate Professor of 
Pathology, Johns Hopkins University. (.1, 
1!)2I) 

Richards, Alfred N., A.M., PJi.D,, Sc.D., M.D. 
(hon.), LL.D. University of Pennsylvania 
Medical School, Philadelphia, Professor of 
Pharmacology and Vice-President in Charge of 
Medical Affairs; Member, National Academy of 
Pcirnces. (I, 1900; 2, 1900; 3, 1909) 

Richards, Osenr W., M..V., Pii.D. Research 
Department, Spencer Lens Co., 19 Doat St., 
Buffalo, N. V. Pescarch Piologist. (1, 1931) 
Richards, Richard Kohn, M.D. Abbott Labora- 
lorie.s. North Chicago, 111. Chief Pharmacolo- 
gist. (I, 193S) 

Richardson, Arthur P., M.D. University of 
Tennessee Medical School, Mempliis. Associate 
Professor and Head, Department of Pharma- 
cology. (3, 1039) 

Richardson, Luther R., Ph.D. University of 
Missouri, Columliia. Instructor in Agricultural 
Chemistry. (5, 1942) 

Richter, Curt P., Pii.D. Philips Psychiatric 
Clinic, The Joiins Hopkins Hospital, Baltimore, 
Md. Associate Professor of Psycho -biology, 
Johns Hopkins University. (I, 1924) 

Richter, Maurice N., M.D. 303 E, 20th St., 
New York City. Professor of Pathology, Col- 
umbia University, New York Post-Graduate 
.Medical School; Director, Department of Path- 
ology, New York Post-Graduate Medical School 
and Hospital. (4, 1931) 

Ricketts, Henry T., M.D. University of Chi- 
cago, Chicago, HI, Assistant Professor of Medi- 
cine. (1, 1940) 

Riddle, Oscar, Ph.D. Cold Spring Harbor, L. I., 
N. Y. Resident Staff, Carnegie Station for 
Experimental Evolution; Member of the National 
Academy of Sciences. (1, 1919) 

Ricgel, Byron, A.M., Ph.D. Department of 
Chemistry, Northwestern University', Evanston, 
111. Associate Professor. (2, 1942) 

Riegel, Cecilia, M.S., Ph.D. Room 5C3, Uni- 
versity Hospital, Philadelphia, Pa. Research 

Associate, Department of Research S y, 

University of Pennsylvania School ‘ '■c. 

(2, 1935) 

Ries, Ferd A., M.D j. 

more, Aid. I . . ' 

Hopkins U ' 
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Rigdon, R. H., M.D. Pathological Institute, The 
University of Tennessee, Memphis. Associate 
Professor of Pathology. (4,1941) 

Riggs, Lloyd K., Ph.D. % Kraft Cheese Co., 
500 Peshtigo Court, Chicago, 111. Director of 
Research. (2, 1929) 

Rinehart, James F., M.D. University of Cali- 
fornia Medical School, Parnassus and Third 
Aves., San Francisco. Professor of Pathology 
and Medicine. (4, 1933) 

Ring, Gordon C., M.A., Ph.D. Station Hospital 
No. 2, Fort Huachuca, Ariz. Captain, Medical 
Corps. (1, 1933) 

Rioch, David McKenzie, M.D. Washington Uni- 
versity School of Medicine, St. Louis, Mo. 
Professor of Neurology and Head of the Depart- 
ment of Neuropsychiatry. (1, 1931) 

Rittenberg, David, Ph.D. 630 W. 168th St., 
New York City. Assistant Professor, College of 
Physicians and Surgeons, Columbia University. 
(2, 1939) , 

Ritzman, E. G., A.M., Science (hon.). Univer- 
sity of New Hampshire, Durham. Research 
Professor. (5, 1933) 

Rivers, T. M., M.D., Sc.D. The Hospital of the 
Rockefeller . Institute for Medical Research, 
66th St. and York Ave., New York City. Direc- 
tor of the Hospital; Member of the National 
Academy of Sciences. (4, 1925; 6, 1921) 

Robb, Jane Sands, Sc.D., M.D. College of Medi- 
cine, Syracuse University, 761 Irving Ave., 
Syracuse, N. Y. Associate Professor of Phar- 
macology. (1, 1924) 

Robbins, Benjamin Howard, M.S., M.D. Vander- 
bilt Univ. School of Medicine, Nashville, Tenn. 
Associate Professor of Pharmacology. (3, 1936) 
Roberts, Edward F., M.D., Ph.D. Room 103, Army 
Medical Center, Washington, D. C. Capt., M. C. 
(6, 1932) 

Roberts, Lydia J., Ph.D. University of Chicago, 
Chicago, 111. Professor and Chairman of De- 
partment of Home Economics. (5, 1933) 
Robertson, Elizabeth Chant, M.D., M.A., Ph.D. 
University of Toronto, Toronto, Canada. Re- 
search Fellow in Paediatrics. (5, 1939) 
Robertson, Oswald H.,' M.D. • University of 
Chicago, Chicago, 111. Professor of Medicine. 
(4, 1932) 

Robinson, Charles Summers, Ph.D. Medical 
School, Vanderbilt University, Nashville, Tenn. 
Professor of Biochemistry. (2, 1925) 

Robinson, Elliott S., M.D., Ph.D. 5 Oakwood 
Terrace, Newton Centre, Mass. Lieutenant 
Colonel, M. C., U. S. A. (G, 1935) 

Robinson, G. Canby, M.D., Sc.D., LL.D. Johns 
Hopkins Hospital, Baltimore, Md. Lecturer in 
Medicine, Johns Hopkins University. (1, 1912; 
3, 1921) 


Robinson, George Henry, Ph.D. 320 E. North 
Ave., N. S., Pittsburgh, Pa. Bacteriologist, 
Wm. H. Singer Research Laboratory and Alle- 
gheny General Hospital; Lecturer in Bacteriology, 
University of Pittsburgh School of Medicine. 
(4, 1930) 

Robinson, Howard West, Ph.D. 1208 S. Ruby St., 
Philadelphia, Pa. Research Chemist, Department 
of Pediatrics, Temple University School of Medi- 
cine. (2, 1929) 

Robinson, Sid, Ph.D. Fatigue Laboratory, Mor- 
gan Hall, Soldiers Field Station, Boston, Mass. 
(1, 1941) 

Robscheit-Robbins, F. S., Ph.D. University of 
Rochester School of Medicine and Dentistry, 
Rochester, N. Y. Associate in Pathology. (1, 
1925; 4, 1930) 

Rodbard, Simon, Ph.D. Fifth Altitude Training 
Unit, Davis Monthan Field, Tucson, Ariz. 2nd. 
Lt. Air Corps. (1, 1942) 

Roe, Joseph Hyram, M.A., Ph.D. George Wash- 
ington University School of Medicine, Wash- 
ington, D. C. Professor of Biochemistry. 
(2, 1927; 5, 1933) 

Roeder, Kenneth D., M.A. Tufts College, Med- 
ford, Mass. Assistant Professor of Biology. 
(1, 1942) 

Roepke, Martin Henry, Ph.D. University Farm, 
St. Paul, Minn. Professor, Veterinary Medi- 
cine. (3, 1937) 

Rogers, Charles G., A.M., Ph.D., Sc.D. Oberlin 
College, Oberlin, O. Professor of Comparative 
Physiology. (1, 1911) 

Rogers, Fred T., A.M., Ph.D., M.D. Dallas 
Medical and Surgical Clinic, Dallas, Texas. 
(L 1917) 

Rogoff, Julius M., Ph.G., M.D., Sc.D. School of 
Medicine, University of Pittsburgh, Pittsburgh, 
Pa. Professor of Endocrinology. (1, 1916; 

3, 1916) 

Ronzoni, Ethel, M.A., Ph.D. Washington Uni- 
versity Medical School, St. Louis 4, Mo. Assist- 
ant Professor of Biological Chemistry. (2, 1923) 

Root, Howard F., M.D. 44 Dwight St., Brookline, 
Mass. Instructor in Medicine, Harvard Medical 
School. (5, 1933) 

Root, Walter S., Ph.D. College of Physicians and 
Surgeons, Columbia University, 630 W. lOSth 
St., New York City. Associate Professor of 
Physiology . (1, 1932) 

Rosahn, Paul D., M.D. Yale University School 
of Medicine, New Haven, Conn. Assistant 
Clinical Professor of Pathology. (4, 1934) 

Rose, Anton Richard, M.S., Ph.D. Box 176, 
Edgewatcr, N. J. Biochemist, Prudential In- 
surance Company of America. (2, 1910; .5, 1933) 

Rose, William C., Ph.D. University of Illinois, 
Urbana. Professor of Biochemistry; Member, 
National Academy of Sciences. (2, 1912;5, 1933) 
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RosenMuctli, Arturo, NLO. Hursiml Mo<lio;U 
Sciuwl, Roslori, Moss. .-l,v-si,-./nnJ /Vo/rssor n/ 
rhmoiogii. (1. 1032) 

RoscnWd. Morris. M.O. dolms lIoi>kinH Srliwl 
ot Medicine, Baltimore, Md. Asson'nir in 
Pharmacology md llrpcn'mcntal Thrrapculics. 
(3, 1034) 

Rosenow, Edward C., M.ll., hon. 1,1, .O. and I) .Sc. 
M.ayo Clinic, Roclicstor, Minn. Projesaor of 
Erpcrimeutal Pact^rioloyy, Mayo /'oimdnlion, 
Unircrsily of Minnefoia. (4. prior to 1920; 
(6, 1913) ' 

Rosenthal, Sanford ,M., M.T). Xalion.al Institute 
ot ]Ic,nltli, IV.aslnnRlon, D. C. .Sriimr Phar- 
macologist, U. X. Ptiiilt'c Health Scrricc. (3, 
1025) ’ 

Rosenthal, S. R., M.D., Ph.D. University of 
Illinois Collepe of Medicine, Cliic.sRO. A.s- 
sislmt Professor of liaclrriolngy and Public 
Health in Dept, of Pathology and Hactcriology; 
Director, Tice Laboratory for H. C. G. Vaccina- 
tion against Tuberculosis, Municipal Tubercu- 
losis Sanatorium. (4,1041) 

Ros.s, Joseph F., M.D. The Robert. D.iwson Ev-ins 
Memorial, 05 E. Newton ,Sl., Boston, M.oss. 
Assistant Professor of .Medicine, Poston Uni- 
versity School of Medicine; Associate .Member, 
Robert Daicson Evans Memorial. (4, 1911) 

Ross, B’illiam F., Ph.D. Research Laboratory, 
Shell Oil Company, Wood River, III. Chief Re- 
search Chemist. (2, 1940) 

Roth, George B., M.D. 1335 II St., N.W., IVash- 
ington, D. C. Professor of Physiology and 
Pharmacology, George IVashington University 
School of ,1/cdtcinc. (1, 1914 ; 3, 1911 ) 

Roth, Grace M., M.S., Ph.D. Mayo Clinic, 
Rochester, Minn, Associate in Clinical Physi- 
ology. (1, 1939) 

Roth, Paul, M.D. Battle Creek S.anifarium, 
Battle Creek, Mich. Director of Physical 
Therapy. (1, 1929; 5, 1933) 

Rothemund, Paul BL K., Dipl.-Ing., Dr.-Ing. 
(Munich). Antioch College, yellow Springs, 
0. Associate Professor of Biochemistry, and 
Research Chemist, The C. F. KcUcring Founda- 
tion, Antioch College; Associate Professor 
(Ron-resident), Department of Chemistry, Ohio 
Stale University. (2, 1940) 

Rous, Peyton, M.D., Sc.D. Rockefeller Institute 
for Medical Research, York Avo. at 6Gth St., 
New York City-. Member; Member of the Na- 
tional Academy of Sciences. (4, prior to 1920) 
Routh, Joseph I., M.S., Ph.D. Chemistry De- 
partment, State University of Iowa, Iowa City, 
Assistant Professor of Biochemistry. (2, 1942) 
Rowntree, Jennie I., M.S., Ph.D. University of 
Washington, Seattle. Professor of Home Eco- 
nomics. (5, 1933) 


Rowntree, L. G., Sc.D,, M.D., F.A.O.P. The 
Touraine, 1520 .Spruce S(., Phtliidelphia, Pa. 
Temp, nddrcs.s; 4701 Connecticut Ave., N. W. 
Wa.shiiiglon, D. C. Director of the Philadelphia 
Institute for Medical Research; Research Clini- 
cian, Philadelphia General Hospital; Chief Medi- 
cal Srlrctivc Service National Headquarters, 
Washington, I). C.; Colonel, Medical Research. 
(1, 1911 ; 2. 1910; 3, 190S; 4, prior to 1920) 
Rulicnstefn, Boris B., Af.A., M.D., Ph.D. .S'cfn'ck 
Oonoral Hospital, Clinton, la. (1, 193!) 

Rubin, Morton A,, Pli.D, (Capt., Signal Corps, 
U. S. Army). 720 2l8t St., South Arlington, Vn. 
Ojlice of the Chief Signal Officer, Military Per- 
sonnel Division, Washington, D. C. (I, 19!0) 
Ruch, Theodore C., M.A., Ph.D. Yale University 
School of jMcdicinc, New Haven, Conn. As- 
sistant Professor of Physiology. (1, 19.33) 

Ru.sch, Harold Paul, M.D. University of IVis- 
consin, McArdle Memorial Laboratory, Afadison. 
A.ssociatc Professor of Oncology. (4, 1940) 

Russell, Jane A., Ph.D. Ynlc University School 
of Mc<iicinc, 333 Cedar St., New Haven, Conn. 
Instructor in Physiological Chemistry. (1, 1939) 
Russell, B’nltcr C., Pii.D. New Jersey Agricul- 
tural Experiment .Station and Rutgers Univer- 
sity, New Brunswick. Biochemist in Nutrition 
and Professor of Agricultural Biochemistry, 
(2, 1932: S. 19.33) 

Ryan, Andrew Howard, M.D. 210 E. Ohio St., 
Suite 402, Cliic.ago, 111. (1, 1912) 

Sabin, Florence R., M.D., Sc.D. 1333 E. 10th 
Ave., Denver, Colo. Member Emeritus of the 
Rockefeller Institute; Member of the National 
Academy of Sciences. (1, 1923) 

Sachs, Ernest, M.D. 97 Arundel PL, St. Louis, 
Mo. Professor of Clinical Neurological Surgery, 
Washington University Medical School. (I, 
1910) 

Sacks, Jacob, Ph.D., M.D. University of Michi- 
gan Medical School, Ann Arbor. Assistant 
Professor of Pharmacology. (3, 1933) 

Sah, Peter P. T., M.S., Ph.D. Department of 
Chemistry. Fu Jen University, Peiping, China; 
Professor of Chemistry; Lecturer in Pharma- 
cology, Peiping Union Medical College. (3, 
1941) 

Sahynn, Melville, A.M., Ph.D. Frederick Stearns 
& Co., 0533 E. Jefferson St., Detroit, Mich. 
Director of Research. (2, 1932) 

Salant, William, M.D. 617 West End Ave., New 
A^ork City. (1, 1905; 2, 1906; 3, 1908) 

Salmon, W. D., A.M. Alabama Polytechnic 
Institute, Auburn, Animal Nutritionist. (2, 
1929; 5, 1933) 

Salter, B'iUiam T., M.D. Yale School of Medi- 
cine, 333 Cedar St., New Haven, Conn. Pro- 
fessor of Pharmacology. (1, 1933; 3, 1942; 5, 
1934) 
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Sampson, John J., M.D. 490 Post St., San 
Francisco, Calif. Assistant Clinical Projessor of 
Medicine, University of California Medical 
School. (1, 1932) 

Sampson, Myra, A.M., Ph.D. Smith College, 
Northampton, Mass. Professor and Chairman 
of Department of Zoology. (5, 1935) 

Samuels, Leo T., Ph.D. 311 Millard Hall, Uni- 
versity of Minnesota, Minneapolis. Associate 
Professor of Physiological Chemistry. (2, 1941; 
3, 1937) 

Sandels, Margaret R., A.M., Ph.D. Florida 
State College for Women, Tallahassee. Dean of 
School of Home Economics; Professor of Nutri- 
tion. (5, 1933) 

Sandiford, Irene, Ph.D. Billings Hospital, Uni- 
versity of Chicago, Chicago, 111. Assistant 
Professor of Medicine. (2, 1925; 5, 1933) 
Sanford, Arthur H., A.M., M.D. Clinical Labora- 
tories, Mayo Clinic, Rochester, Minn. Head, 
Division of Clinical Laboratories. (G, 1920) 
Santos, Francisco O., M.S., Ph.D. University of 
the Philippines, Los Banos, Laguna. Professor 
and Head of Department of Agricultural Chemis- 
try, College of Agriculture. (5, 1936) 

Saphir, Otto,- M.D. Michael Reese Hospital, 
29th St. and Ellis Ave., Chicago 16, 111. Path- 
ologist, Michael Reese Hospital; Professor of 
Pathology, University of Illinois Medical School. 
(4, 1927) 

Sappington, Samuel W., M.D., D.Sc. 235 N. 15th 
St., Philadelphia, Pa. Professor of Pathology, 
Hahnemann Hospital. (6, 1913) 

Saslow, George, Ph.D., M.D. Department of 
Neuropsychiatry, Washington University Medi- 
cal School, 640 South Kingsliighu'ay, St. Louis, 
Mo. Instructor in Psychiatry. (1, 1936) 

Satterfield, George H., A.M. University of 
North Carolina, Raleigh. Professor of Bio- 
chemistry. (5, 1941) 

Saul, Leon Joseph, M.A., M.D. U. S. Naval Train- 
ing Station, Farragut, Idaho. (1, 1933) 

Saunders, Felix, Ph.D. 231 Playa del Sur, La 
Jolla, Calif. (2, 1938) 

Sawyer, Margaret E. MacKay, M.A., Ph.D. 183 
University Ave., Kingston, Ontario, Canada. 
(1, 1935) 

Sawyer, Wilbur A., M.D. 29 Ferndale Drive, 
Hastings-on-Hudson, N. Y. Director, Inter- 
national Health Division, Rockefeller Founda- 
tion. (4, 1930; 6, 1935) 

Scammon, Richard E., IM.A., Ph.D. 172 S. E. 
Bedford St., Minneapolis, Minn. Distinguished 
Service Professor in the Gradxiate School, Uni- 
versity of Minnesota. (1, 1923) 

Scharles, Frederick H., AI.D. 1405 Bryant Bldg., 
Kansas City, Mo. (5, 1935) 

Schattenberg, Herbert John, M.S., M.D. Bureau 
of Laboratories, Medical and Surgical Memorial 


Hospital, 205 Camden St., San Antonio, Texas. 
Director. (4, 1940) 

Schenken, John R., M.D. Louisiana State Uni- 
versity School of Medicine, New Orleans. 
Professor of Pathology and Bacteriology. (4, 
1942) 

Scherp, Henry W., M.S., Ph.D. University of 
Rochester Medical School, 260 Crittenden Blvd., 
Rochester, N. Y. Assistant Professor of Im- 
munochemislry. (6, 1940|J 
Schick, Bela, M.D. 17 E. 84th St., New York 
City. Pediatrician, Mt. Sinai Hospital. (6, 
1924) 

Schiffrin, Milton J.,* M.S., Ph.D. 38th Altitude 
Training Unit, A.P.O. 825, Postmaster, New 
Orleans, La. Lieutenant; Director, Altitude 
Training Unit. (1, 1943) 

Schlenk, Fritz, Ph.D. University of Texas 
Medical School, Galveston. Assistant Professor. 
(2, 1942) 

Schlesinger, M. J., Ph.D., M.D. Beth Israel 
Hospital, 330 Brookline Ave., Boston, Mass. 
Associate in Pathology, Harvard Medical School; 
Director of Pathology, Beth Israel Hospital. 
(4, 1942; G, 1921) 

Schlomovitz, Benjamin H., M.D. 1210 Majestic 
Bldg., 231 W. Wisconsin Ave., Milwaukee, Wis. 
Director, Clinical and Research Laboratory, 
Veterans Administration Hospital, Wood, ITYs- 
consin. (1, 1919) 

Schlutz, F. W., M.D., M.S. 950 E. 59th St., Chi- 
cago 37, 111. Chairman of Pediatric Department 
and Bobs Roberts Hospital, University of Chicago. 
(2, 1924; 5, 1936) 

Schmeisser, Harry C., M.D. University of 
Tennessee, Memphis. Professor of Pathology 
and Bacteriology. (4, 1937) 

Schmidt, Carl F., M.D. Medical School, Uni- 
versity of Pennsylvania, Philadelphia. Pro- 
fessor of Pharmacology. (1, 1929; 3, 1924) 
Schmidt, Carl L. A., M.S., Ph.D. University of 
California, Berkeley. Professor of Biochemis- 
try; Chairman of Division; Dean of the College of 
Pharmacy. (2, 1919) 

Schmidt, C. Robert, Ph.D., M.D. Hertzlcr 
Clinic, Halstead, Kan. Resident Surgeon. (I, 
1940) 

Schmidt, Gerhard, M.D. Boston Dispensary, 

25 Bennett St., Boston, Mass. (2, 1939) 

Schmidt, Leon H., M.S., Ph.D. Christ Hospital, 
Institute for Medical Research, Cincinnati, 0. 
Director of Research; Assistant Professor of 
Biological Chemistry, College of Medtcine, Uni- 
versity of Cincinnati. (2, 1936) 

Schmitt, Francis Otto, Ph.D. Dept, of Biology 
and Public Health, Massachusetts Institute of 
Technology, Cambridge. Professor of Btology. 

(1, 1930) 
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Schncdorf, Jproiuo Cl., M.D., I'li.l'). Tim Uni- 
versity of IC.ins.is Srliiml of Meilicim', Konsiis 
City. A.'.normte iti Siirgcrij. (I, 1011) 
Sflincitlcr, Edivnrd C., I’li.D., Sc.O. 2ii Cortlon 
PI'.ice. Middletown, Conn. I’vofcKfor of ]iiol~ 
ogn, Wrshnno Vnitrrsil;/. (1, 1012; 2, 1012). 
Sclioenb.ncli, Emnniicl H., M.D. Monini^ocoee.il 
Meninpilis Commi.s.sion, .lolins llopkiii.s Seliool 
of HiTriene, 01,’) X. Wolfe St., llnltimore, Md. 
( 6 , 1011 ) 

Schocpflc, Gordon M., A.M., I'li.D.* Wii.iliinpton 
University, School of Medicine, St. Ixniis, Mo. 
Instructor in Phitswlogij. (I, 1012) 

Schradiock, Constant E., M.D. 05 lIiiTord Ave., 
Providence, R. I. Director, Palliologicnt De- 
partment, Homeopathic Hospital of Hhodc Is- 
land. (G, 1021) 

Schreiner, Oswald, M.S., Pli.D. nure.iu of Pl.inl 
Industry, U. S. Dcjvirlmcnt of AgricuUtirc, 
Washington 2,5, D. C. Chief, Division of Soil 
Fertility Investigations. (2, 1003) 

Schroedcr, E. F., M.S., Ph.D. G. D. Sc.irlc & 
Co., P. 0. BowollO, Chicago 30, 111. Itcscarch 
Biochemist. (2, 103S) 

Sehuck, Cecelia, Ph.D. Purdue University, 
Lafayette, Ind. Professor of HulriCion, De- 
partment of Home Economics. (3, 1911) 

Schultz, Edwin William, M.D. 7-13 Cooksey Lane, 
Stanford University, Calif. Professor of Bac- 
teriology and Experimental Pathology. (4, 1927; 
6, 192S) 

Schultz, Alark P., A.M., M.D. National Institute 
of Health, Bethosda, Md. Surgeon, U. S. Public 
Health Service. (G, 1933) 

Schultz, W. H., Ph.D. Greenspring Ave. & 
Taney Rd., Baltimore, Md. (1, 1907; 3. 1909) 
Schnltze, Mar O., Ph.D. Department of Chemis- 
try, University of Pittsburgh, Pittsburgh, Pa. 
Research Fellow, Buhl Foundation. (2, 193S) 
Schwartze, . Erich W., M.D. 1225 Talbert St., 
S. E., Washington, D. C. (3, 1920) 

Scott, David Alymer, M.A., Ph.D. Connaught 
laboratories, University of Toronto, Toronto 
5, Ontario, Canada. Senior Research Chemist. 
(2, 1935) 

Scott, Ernest L., Ph.D. 04 South St., Bogota, 
N.J. Associate Professor of Physiology, Emeri- 
tus, Columbia University. (1, 1914; 2, 1915) 
Scott, Frederick Hughes, Ph.D., Sc.D., M.B. 
Umversit 3 ' of Minnesota, Minneapolis. Profes- 
sor of Physiology. (1, 1903; 2, 1909) 

Scott, John C., Ph.D. Hahnemann Aledical 
College, Philadelphia, Pa. Professor of Physi- 
ology and Head of the Department. (1, 1936) 
Scott, E. W., A.M., M.D. City Hospital, Cleve- 
land, 0. Professor of Clinical Medicine, IPesi- 
ern Reserve University; Physician-in-chief, 
Cleveland City Hospital. (1, 1917; 3, 1917) 


Srotl, V. Brown, Pli.D., M.D. Inlow Clinic, Shel- 
byville, Iml. Internist, Fellow of hitnw Clinic. 
(1, Bill) 

Scott. W. J. Meric, M.D. University of Hocliea- 
fer Medical Seliool, Rocheslcr, N. Y, As.w- 
eintr Professor of Surgery. (4, 1925) 

Scott, W, W., M.D.* University Ciinic.s, Univer- 
sity of Cliieago, Chieago, 111. Instructor in Sur- 
gery. (1, 1913) 

Send!, John Vincent, I’h.D. Merck .t Co., Inc., 
llahwny, N..I. Research Chemist. (2, 1912) 
Scager, Lloyd D., M.S., M.D, University of 
Tennessee Medical School, S70 Union Ave., 
Memphis. Instructor in Pharmacology. (3, 
1939) 

Scalock, Robert R., Ph.D, Department of Vital 
Economic.s, Univer.sity of Rochester Modic.il 
School, Crittemlcn Blvd., Rochester, N, Y, 
Assistant Profaisor of Physiological Chemistry 
(2. 1910; 5, 1911) 

Senstone, C. V., Jr., M.D. University of Wis- 
consin Mctlic.ll School, Madison. Associate 
Professor of Medical Bacteriology. (C, 1939) 
Sebrcll, W. H., Jr., M.D. National Institute of 
IletiUh, Bethesda, Md. Chief, Division of 
Chemotherapy. (2.1933 : 5,1937) 

Scecof, David P., M.D. 1970 Daly Ave., Bron.v 
New York City. (4, 1927) ’ 

Sccgal, David, M.D. Welfare Island, Now York- 
City. Director, Research and Clinical Service, 
Fir.sl Division, Welfare Hospital; Associate 
Professor of Medicine, Columbia Univcrsilv 
(G, 1930) 

Seegers, Waller H., Ph.D. Research and Biologic.iI 
HilxJratorics, Parke Davis & Co., Detroit, Mich. 
Research Biochemist. (2, 1941) 

Seevers, Maurice Harrison, Ph.D., M.D. 
University of Michigan School of Medicine, Ann 
Arbor. Professor of Pharmacology and Chair- 
man of the Department. (1, 1933; 3, 1930) 
Seibert, Florence B., Ph.D., Sc.D., LL.D. Henry 
Phipps Institute, University of Pennsylvania, 
7th and Lombard Sts., Philadelphia. Asso- 
ciate Professor of Biochemistry. (2, 1925) 
Seidell, Atherton, M.S., Ph.D. 2301 Connecticut 
Ave., Washington, D. C. Speciat Expert, 
National Institute of Health. (.2, 1924) 

Seifter, Joseph, M.D. 2109 Adelbert Rd., Cleve- 
land, O. Assistant Professor of Pharmacology, 
Western Reserve University. (3, 1940) ' 

Selle. Wilber Arthur, Ph.D. Medical School, 
University of Texas, Galveston. Associate 
Professor of Physiology. (I, 1938) 

Selye, Hans, M.D., Ph.D. Medical Building, 
McGill University, Montreal, Que., Canada. 
Assistant Professor of Anatomy. (1, 1934) 
Sendroy, Julius, Jr.; M.A., Ph.D. Mercy Hospi- 
tal, 2537 Prairie Ave., Chicago, 111. Professor of 
Chemistry and Cha' of the Def :e.nl of 
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Experimental Medicine, Loyola University. (2, 
1928) 

Sevag, 'M. G., Ph.D. Department of Bacteri- 
ology, University of Pennsylvania School of 
Medicine, Philadelphia. Assistant Professor of 
Biochemistry in Bacteriology. (6, 1941) 
Sevringhaus, Elmer L., M.A., M.D. Wisconsin 
General Hospital, Madison. Professor of Medi- 
cine, University of Wisconsin; Consultant in 
Clinical Chemistry, Wisconsin Psychiatric In- 
stitute; Chemist to Wisconsin General Hospital. 
(2, 1923 ; 5, 1939) 

Shaffer, Morris F., D. Phil. Department of Pathol- 
ogy and Bacteriology, School of Medicine, Tulane 
University of Louisiana, New Orleans. Associate 
Professor. (4, 1939; 6, 1937). 

Shaffer, Philip A., Ph.D. Washington University 
Medical School, St. Louis 4, Mo. Professor of 
Biological Chemistry and Dean of the School 
of Medicine; Member, National Academy of 
Sciences. (1, 1906; 2, 1906; 5, 1935) 

Shannon, James A., M.D., Ph.D. Welfare 
Hospital, .Welfare Island, New York City. 
Director of Research Service, Third (New York 
University) Medical Division, Welfare Hospital, 
Department of Medicine, New York University 
College of Medicine. (1, 1933) 

Shapiro, Herbert, A.M., Ph.D. Hahnemann Medi- 
cal College, Philadelphia, Pa. Instructor in 
Physiology, Radiation Laboratory, M.I.T., Cam- 
bridge, Mass. Staff Member. (1, 1937) 

Sharpless, George R., D.Sc. Henry Ford Hos- 
pital, Detroit, Mich. Associate in Nutrition 
Research. (5, 1942) 

Shaw, Myrtle, M.S., Ph.D. 11 S. Lake Ave., 
Albanj% N. Y. Senior Bacteriologist, Division 
of Laboratories and Research,^ New York State 
Department of Health. (6, 1937) 

Shear, Murray, J., Jr., Ph.D. National Cancer 
Institute, Bethesda, Md. Principal Biochem- 
ist. (2, 1930) 

Sheard, Charles, A.M., Ph.D. Mayo Foundation, 
Rochester, Minn. Chief of the Division of 
Physics and Biophysical Research and Professor 
of Physiological Optics and Biophysics, Univer- 
sity of Minnesota. (1, 1925) 

Sheehan, Donal, M.D., D.Sc. New York Uni- 
versity College of Medicine, First Ave., New 
York City. Professor of Anatomy and Director 
of Anatomical Laboratories. (1, 1938) 

Sheppard, Fay, IM.S. University of Oklahoma 
Medical School, Oklahoma City. Instructor in 
Biochemistry. (2, 1936) 

Sherman, Henry C., A.M., Ph.D., Sc.D. Colum- 
bia University, New York City. Mitchell Pro- 
fessor of Chemistry and Executive Officer of the 
Department of Chemistry; Member, National 
Academy of Sciences. (1, 1923; 2,1906; 5, 1933) 


Sherwin, Carl Paxson, Sc.D., M.D., Dr.P.H., 
LL.D. 40 E. 61st St., New York City. Direc- 
tor of Metabolic Service, St. Vincent’s Hospital; 
Associate Physician, French Hospital. (1, 
1919; 2, 1917) 

Sherwood, Noble P., Ph.D., M.D. 1801 Indiana 
St., Lawrence, Kan. Professor of Bacteriology, 
University of Kansas. (6, 1928) 

Sherwood, Thomas Cecil, M.A., Ph.D. 2639 Napo- 
leon Ave., New Orleans, La. House Physician, 
Southern Baptist Hospital. (1, 1938) 

Shimkin, Michael Boris, M.D. U. S. Public 
Health Service, National Cancer Institute, 
Bethesda, Md. Passed Assistant Surgeon. (4, 
1940) 

Shlaer, Simon, M.A., Ph.D. Columbia Univer- 
sity, New York City. Research Associate in 
Biophysics. (1, 1938) 

Shock, Nathan W., Ph.D. Unit on Gerontology, 
U. S. Public Health Service, Baltimore City 
Hospitals, Baltimore, Md. Senior Psycho- 
physiologist, U. S. Public Health Service, Na- 
tional Institute of Health, Bethesda, Md. (I, 
1942) 

Shoemaker, Harold A., M.S., Ph.D. University 
of Oklahoma School of Medicine, Oklahoma City. 
Assistant Dean; Professor of Pharmacology. 
(3, 1941) 

Shohl, Alfred T., M.D. 300 Longwood Ave., 
Boston, Mass. Research Associate in Pediatrics, 
Harvard Medical School. (2, 1922; 5, 1933) 
Shope, Richard E., M.D. Department of Animal 
and Plant Pathology, The Rockefeller Institute, 
Princeton, N. J. Member. (4, 1934) 

Shorr, Ephraim, M.D. The New York Hospital, 
525 East 6Sth St., New York City. Assistant 
Professor of Medicine, Cornell University Medi- 
cal College; Assista7it Attending Physician, The 
,Nc 70 York Hospital. (1, 1931; 3, 1942) 
Shwartzman, Gregory, M.D. 230 E. 50th St., 
New York City. Head of Departinent of Bac- 
teriology, Mount Sinai Hospital; Clinical Pro- 
fessor of Bacteriology, Columbia University. 
(4, 1929; 6, 1930) 

Sichel, F: j. M., Sc.M., Ph.D. College of Medi- 
cine, University of' Vermont, Burlington. In- 
structor in Physiology. (1, 1939) 

Sickles, Grace M., B.A. 2201 Twelfth St., Troy, 
N. Y. Associate Bacteriologist, Division of 
Laboratories and Research, New York State 
Department of Health. (6, 1932) 

Sickles, Grelchen R., A.B. Division of Labora- 
tories and Research, New York State Depart- 
ment of Health, Albany, N. Y. Assistant 
Bacteriologist. (6, 1937) 

Siebert, Walter J., M.D. DePaul Hospital, St. 
Louis, Mo. Director of Laboratories and Path- 
ologist of DePaul and Lutheran Hospitals, St. 
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tom's, and af St. Jouph Hospital, Alton, III. 

(4. 1932) 

Silvotfc, Hcrlicrl, M.S,, Tli.E. Uiiivoraity of 
Virpini.i Modic-il Sclmol, University. Assistant 
Professor of Pharmacolopij. (1, 193.3;, 3, 1910) 
Simon. Fr.ink A.. M.D. 812 llcyburn BliiR., 
Ixmisvillc, Ky. (G, 19.31) 

Simonds, James P., Pli.D., M.D. Xortlnveatem 
University Mcdiwl Sclnxil, 303 E. Ghicapo .\vc., 
Chicapo, ill. Professor of Patholooil. (4, prior 
to 1920) 

Simonson, Ernst. M.D. Mount. Sinni llo.spit.al, 
12tli nnd Killtouni .Vvo., Mihv.ankcc, Wis. 
Research f'cl/oic. (1, 1911) 

Sinclair, Robert Gordon. Ph.D. Queen’s Univer- 
sity, Kinpston, Ont., Canad.a. Professor of 
Biochemistry. (2, 1931) 

Slaughter, Donald, M.D. .Mcdic.al Department, 
Southwestern Medical Foundation, 370.) Maple 
Ave., Dallas, Texas. Actiny Dean amt Professor 
of Pharmacology anrl Physiology. (.3, 1!).3S) 
Slonnker, James R.. Ph.D. .334 Kingsley Ave., 
Palo Alto, Calif. Professor of Physiology, 
Lcland Stanford Junior University. (1,1917) 
Smadcl, Joseph Edwin. M.D. c/o Dr. Elir.ahcth 
M. Smadcl, Group R, Camp Dctrick, Frederick, 
Md. (4, 1910; G. 1937) 

Small. James C., M.D. 133 S. 3Gth St.., Phil- 
adelphia, Pa. Instructor in Medicine, Grad- 
tiaic School of .Medicine, University oi Penn- 
sylvania. (4, 1927) 

Smetana, Hans, M.D. College of Physicians .and 
Surgeons, G30 W. ICSth St., Now \ork City. 
Assistant Professor of Pathology. (4, 1931) 
Smith. Arthur H., M.S., Ph.D. Wayne Univer- 
sity College of Medicine, Dctroit2G, Mich. Pro- 
fessor of Physiologieal Chemistry. (I, 1923; 
2. 1921 ; 5, 1933) 

Smith, Austin Edward, M.D., C.M., M.Sc.(Med.). 
American Medical .-Issociation, 535 N. Dearborn 
St., Chicago, 111. Aeting Secretary of the Council 
on Pharmacy and Chemistry, American Medical 
Association^ Research Associate (Instructor) 

' Dept, of Pharmacology, University of Chicago. 
(3. 1942) 

Smith, Clarence A., M.S., Ph.D. Standard 
Brands, Inc., 595 Aladison Ave., Now York City. 
Technical Director, Special Products Depart- 
ment. (1, 1921) 

Smith, David T. Duke Hospital, Durham, N. C. 
(5. 1943) 

Smith, Dietrich Conrad, A.M., Ph.D. University 
of hlarj'land School of Medicine, Lombard and 
Greene Sts., Baltimore. Associate Professor of 
Physiology. (1, 1937) 

Smith, Elinor 3’an Dorn, Ph.D. 5 Middle St., 
Hadley, Mass. Assistant Professor of Bacteri- 
ology, Smith College. (G, 1940) 


Smith, Eliznheth R. IL, Ph.D. % Capt. Paul 
K. Smith, School of ,\vi(ition Medicine, Randolph 
Field, Texas. (2. 193S) 

Smith, Ermn A., A.M., Ph.D., M.D. Iowa 
State College, Ame.s. Associate Professor of 
Physiology. (1, 1928) ' 

Smith, Fred M., M.D. Stale University of Iowa, 
Iowa City, Professor of the Theory and Practice 
of Medicine and Head of the Department. (1, 
1925) 

Smith, George H., M.A., Pii.D., M.A.fhon.), 
Sc.D. Scliool of Medicine, Yale University, 
New Haven, Conn. Professor of Immunology 
and .Assislanl Dean; Chairman, Department of 
Hactcrinlogy, Yale Unirersity. (C, 1918) 

Smith, H. P., M.S., M.D. College of Medicine, 
State University of Iowa, Iowa City. Professor 
of Pathology. (1, 1937; 4, 1925) 

Smith, Homer W., M.S., Sc.D. 477 First Ave., 
New York City. Professor of Physiology, New 
York Unirersity College of Medicine. (1, i923; 

2, 1930) 

Smith, Lawrence Weld, M.D. Temple University 
School of Medicine, N. Broad St., Pliila- 
delphin, Pa. Professor and Head of Department 
of Pathology; Director of Laboratories, Temple 
University Hospital. (4, 1927) 

Smith, Lee Irvin, A.M., Ph.D. School of Chemis- 
try, University of Minnesota, Minneapolis. 
Professor and Chief, Division of Organic Chem- 
istry. (2, 1942) 

Smith, Margaret Cammack, A.M., Ph.D. Uni- 
versity of Arizon.a, Tucson. Professor of Nutri- 
tion; Nutrition Chemist, Agricultural Experiment 
Station, School of Home Economics. (2, 1935; 
5, 1933) 

Smith, Maurice I., M.D. National Institute of 
Health, Betliesda, Md. Principal Pharmacolo- 
gist,, U. S. Public Health Service. (1, 1920; 

3, 1916) 

Smith, Paul Kenneth, Ph.D. School of Aviation 
Medicine, Randolph Field, Texas. Director, 
Laboratory of Pharmacology. Captain, U. S. 
Air Corps. (2, 1937 ; 3, 1937) 

Smith. Paul W., M.S., Ph.D. School of Medicine, 
University of Oklahoma, SOI E. 13th St., Okla- 
homa City. Assistant Professor of Pharma- 
cology. (1, 1933) 

Smith, Philip Edward, M.S., Ph.D. 630 W. 168th 
St., New York City. Professor of Anatomy, 
Columbia University; Member of the National 
Academy of Sciences. (I, 1923) 

Smith, Ralph G., M.D., Ph.D. Tulane University, 
Station 20, New Orleans, La. Professor of Phar- 
macology. (3, 1929) 

Smith, Susan Gower, M.A. Duke University, 
Durham, N. C. Associate, Department of Medi- 
cine and Nutrition, School of Medicine. (5, 1939) 
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Smith, Sybil L., A.M. Principal Experiment Sta- 
tion Administrator, Office of Experiment Sta- 
tions, U.S.D.A., Washington, D. C. (5, 1940) 

Smith, Wilbur Kenneth, M.D. University of 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd., Rochester, N. Y. Asso- 
ciate Professor of Anatomy. (1, 1939) 

Smith, Willie W., M.A., Ph.D. 4710 Edgmoor 
Lane, Bethesda, Md. Alfred I. du Pont Institnte 
of the Nemours Foundation. Wilmington, Del. 
(1, 1941) 

Smithburn, Kenneth C., M.D. Yellow Fever Re- 
search Institute, P. O. Box 49, Entebee, Uganda, 
British East Africa. Staff Member, Interna- 
tional Health Division of The Rockefeller Foun- 
dation. (6, 1937) 

Smythe, C. V., M.S., Ph.D. 5000 Richmond St., 
Philadelphia, Pa. Head of Biochemistry, Rohm & 
Haas Company. (2, 1934) 

Snell, Albert M., M.D. Mayo Clinic, Rochester, 
Minn. Head of Section on Medicine at Mayo 
Clinic; Professor in Medicine, Mayo Foundation 
Graduate School, University of Minnesota. 
(4, 1930) 

Snell, Esmond E., M.A., Ph.D. Department of 
Chemistry, University of Texas, Austin. As- 
sistant Professor of Chemistry and Research 
Biochemist. (2, 1942) 

Snyder, Charles D., M.S., Ph.D. Johns Hopkins 
University School of Medicine, Baltimore, Md. 
Professor Emeritus of Experimental Physiology. 
(1, 1907) 

Snyder, Franklin Faust, M.D. University of 
Chicago, 111. Associate, Department of Ob- 
stetrics. (1, 1936) 

Sobel, Albert E., Ch.E., M.A., Ph.D. Jewish 
Hospital of Brooklyn, Prospect Place and Classon 
Ave., Brooklyn, N. Y. Director of Chemical 
Laboratories; Lecturer, Division of Graduate 
Studies, Brooklyn College. (2, 1939) 

Sobotka, Harry H., Ph.D. Mount Sinai Hospital, 
Fifth Ave. and 100th St., New York City. 
Head, Department of Chemistry. (2, 1932; 5, 
1933) 

Solandt, Donald Young, M.A., M.D., Ph.D. Uni- 
versity of Toronto, Toronto, Ont., Canada. 
Associate Professor of Physiology; Head of the 
Department of Physiological Hygiene. (1, 1937) 

Soley, Mayo H., M.D.* University of California 
Medical School, The Medical Center, San Fran- 
cisco. Associate Professor of Medicine and Lec- 
'turcr in Pharmacology. (1, 1943) 

Sollmann, Torald, M.D., Sc.D. School of Medi- 
cine, Western Reserve University, 2109 Adalbert 
Rd., Cleveland, 0. Dean and Professor of 
Pharmacology and Materia Medica. (1, 1902; 

2, 1906; 3, 190S) 


Somogyi, Michael, Ph.D. 216 S. Kingshighway, 
St. Louis, Mo. Biochemist, Jewish Hospital 
of St. Louis. (2, 1927) 

Soskin, Samuel, M.D., M.A., Ph.D. Michael 
Reese Hospital, Chicago, 111. Director of Meta- 
bolic and Endocrine Research; Professoral Lec- 
turer in Physiology, University of Chicago 
(1, 1930; 5, 1933) 

Soule, Malcolm H., Sc.D., LL.D. University of 
Michigan, Ann Arbor. Professor of Bacteriol- 
ogy, Director of the Hygienic Laboratory and 
Chairman of the Department of Bacteriology. 
(4, 1927 ; 6, 1925) 

Spain, Will C., M.D. 116 E. 53rd St., New York 
City. Clinical Professor of Medicine, Post- 
Graduate Medical School, Columbia University 
(6, 1923) 

Spealman, C. R., M.A., Ph.D. National Naval 
Medical Center, Bethesda, Md. (1, 1940) 

Specht, Heinz, Ph.D. National Institute of 
Health, Rockville Pike, Bethesda, Md. Asso- 
ciate Research Physiologist. (1, 1941) 

Spencer, Henry James, M.A., M.D. Bellevue 
Hospital, 24 W. 10th St., New York City. Di- 
rector Second Medical Division. Associate 
Professor of Clinical Medicine, Cornell Univer- 
sity Medical College. (5, 1935) 

Sperry, Warren M., M.S., Ph.D. 722 W. 168th St., 
New York City. Principal Research Neuro- 
chemist, N ew York State Psychiatric Institute 
and Hospital; Assistant Professor of Biological 
Chemistry, College of Physicians and Surgeons, 
Columbia. University. (2, 1929; 5, 1933) 

Spiegel, Ernest A., M.D. Temple University 
School of Medicine, Broad and Ontario Sts., 
Philadelphia, Pa. Professor of Experimental 
Neurology. (1, 1936) 

Spiegel-Adolf, Mona, M.D. Temple University 
School of Medicine, Broad St. at Ontario Ave., 
Philadelphia, Pa. Professor and Head of De- 
partment of Colloid Chemistry. (2, 1933) 

Spies, Tom D., M.D. Feb. -Nov. Hillman Hos- 
pital, Birmingham, Ala. Nov.-Feb. General 
Hospital, Cincinnati, O. Associate Professor 
of Medicine, Univ. of Cincinnati College of 
Medicine. Visiting Professor of Medical Re- 
search, Univ. of Alabama School of Medicine. 
Professor of Medical Research, Univ. of Texas 
School of Medicine. Director, Nxdrition Clinic, 
Hillman Hospital, Birmingham, Ala. (3, 1941; 

4, 1940; 5, 1938) 

Spink, Wesley W., M.D. University of Minnesota 
Hospital, Minneapolis. Associate Professor- of 
Medicine, University of Minnesota Medical 
School. (3, 1940; 4, 1940; 6, 1940) 

Spohn, Adelaide, M.S., Ph.D. Elizabeth McCor- 
mick Memorial Fund, 848 N. Dearborn St., 
Chicago, 111. (5, 1933) 
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Sproul, Kdith K.. M.D. Coluinbia Univorttity, 
Ci'llcRC o( I’liystcirtus ami SurKomis, New A’ork 
City. As.-Jisbini Professor of Pdl/ioliiffi/. (■!, 

10 li) 

Sprunl, DouRlns H., M.D., ALS. Box .lOll, Dnkc 
Hospital, nurliatn, X. C. Ansocialr Profesaor 
of Pnihohmi- (-1. 1931; R, 10 : 10 ) 

Stadic, William C., M.D, S21 Malom-y Clinic, 
oCtli .ami Spruce Sts., Philailelphia, I’a. Pro- 
ks:for of lirscarch Mtdiciiic, Uniicrsilii of Peon- 
'flihania. (2. 1022) 

Stainsby, Wendell 3., M.D., C.M. GciaiiiRcr 
Memorial Hospital, Danville, Pa. Chief I'hjsi- 
cina. (G. 1030) 

Stanley, Wendell M., M.S., Pli.D., Se.D. Bocke- 
fcller Institute forMc(lir.al Bc.seareli, Princeton, 
X. , 1 . .'ifcrihcr; Member, Xniinna! Acadcmi; of 
Sciences. (2, 1930) 

Stannard, James Newell, Ph.D. Xational Insti- 
tute of Ile.alth, Division of Industrial llyRicne, 
BcthcEdn, Mel. PharmacoJogist. (1, 103S) 
Stare, Fredrick J., Pli.D., M.D. Dcp.artnient of 
BioIoRioal Chemistry, Harvard Medic;i! School, 
Boston, Mass. Assisinn! Profcs.’ior of Xiilrition. 
(2, 1937; 5, 1912) 

Starr, Isaac, AI.D. SI" Maloney Clinic, Hos- 
pital of the University of Pennsylvania, Pliila- 
delphia. Pa. IlarlzcU Professor of Research 
Therapenties. (1, 1920 ; 3, 1912) 

Starraky, George W., M.D., C.M., M.Sc. Medi- 
cal School, University of Western Ontario, 
London, Onl., Canada. -Issociatc Professor of 
Physiology. (1, 1937) 

Stearns, GencTieve, Ph.D. College of Medicine, 
State University of Iowa, Iowa City. Research 
Professor of Pcdialrics. (2, 1932; 5, 1937) 

Steel, Matthew, Ph.D. Long Island College of 
Medicine, 350 Henry St., Brooklyn, X. Y. Pro- 
fessor of Biological Chemistry. (2, 1909) 

Steele, J. Murray, M.D. Welfare Hospital, Wel- 
fare Island, Xew A'ork City. .Associate Pro- 
fessor of Medicine, New York University; 
Director 3rd {New York University) Medical 
Division of Welfare Hospital. (1, 1936) 
Steenbock, Harry, M.S., Ph.D., Se.D. Univer- 
sity of Wisconsin, Aladison. Professor of Bio- 
chemistry. (2, 1912; 5, 1933) 

Steggerda, F. R., M.A., Ph.D. 116 Natural His- 
tory Building, University of Illinois, Urbana. 
Assistant Professor of Physiology. (1, 1931) 
Stehle, Raymond Louis, A.M., Ph.D. Faculty’ of 
Medicine, McGill University, Montreal, Canada. 
Professor of Pharmacology. (2, 1920; 3, 1922) 
Steigmann, Frederick, M.S., M.D. 31S S. Hamlin 
Ave., Chicago, 111. Associate in Medicine, Col- 
lege of Medicine, University of Illinois; Asso- 
ciate Attending Physician, Cook County Hos- 
pital. (3, 1912) 


Steimnn, S. IL, M.A., Pli.D. 301 Riverway, Bos- 
ton, Mas.s. (L 1939) 

Stclnlmch, 11. Burr, M.A., Ph.D. IVnshington 
University, St. I/mis, Mo. Associaic Professor 
of Zoology. (1,1931) 

.Steinberg, Bernhard, M.D. 'I’oledo Hospital Insti- 
tute of Medical Re.seareb, 'J'olcdo, 0. Director of 
the Toledo Ihapital Institute of Medical Re- 
search; Director of Clinical and Morbid Patholog- 
ical Laboratories, The Toledo Hospital. (4, 1D2S) 
Steiner, Paul E., M.D, Tlic University of Chi- 
cago, Chicago, HI. Associate Professor of Path- 
ology. (4, 1939) 

Slcinhardl, Jacinto, .\.M., Pli.D. 151S liast-Wcst 
Highway, Silver Spring, Md. Research Asso- 
ciate, Division of IPnr Research, Columbia 
Unirrrsily, New York City. (2, 1939) 

Steinbnus, Arthur H., M.S., Ph.D., M.P.E. 
5315 Drcxcl Ave., Cliicigo, III. Professor of 
Phy.siology, George Il’rVfiam.? College, Hyde 
Park. (I, 192S) 

Stckol, Jakob A., M.S., D.Se. Department of 
Biochemistry, Vanderbilt University, Nashville, 
Tenu. Assistant Professor. (2, 1930) 

Stern, Kurt G., Ph.D. 251 W. 31st St., Xew Vork 
City. Chief Chemist, Overly Biochemical Research 
Foundation. (2, 193S) 

Stevens, S. Smith, Ph.D. Emerson Hall, Harvard 
University, Cambridge, Mass. Assistant Pro- 
fessor of Psychology. (1, 1937) 

Stewart, Colin C., Ph.D. D.'irtmouth College, 
Hanover, X. H. Brown Professor of Physiology. 
(I, 189S) 

Stewart, Fred W., M.D. Memorial Hospital, 
111 E. OSth St., Xew York City. Pathologist; 
Associate Professor of Surgical Pathology, Cor- 
nell Medical School; Pathologist, New York 
Slate Department of Public Health, Division of 
Laboratories and Research. (4, 192S) 

Stewart, Harold L., M.D. The Xational Cancer 
Institute, Bothesda, Md. Senior Pathologist. 
(4, 1936) 

Stewart, Winifred Bayard, M.D., M.A. 2028 
Deiancey St., Philadelphia, Pa. Professor of 
Neurology, Woman’s Medical College of Penn- 
sylvania. (I, 1911) 

Stiebeling, Hazel K., AI.A., Ph.D. United States 
Department of Agriculture, Washington, D. C. 
Senior Food Economist, Bureau of Home Eco- 
nomies. (5, 1933) 

Stier, Theodore J. B., Ph.D. Indiana University 
Medical School, Bloomington. Associate Pro- 
fessor of Physiology. (I, 1938) 

Still, Eugene U., Ph.D. % Strong Cobb & Co., 
2651 Lisbon Rd., Cleveland, O. (I, 1929) 
Stillman, Ernest G., M.D. 15 E. 75th St., New 
York City. (6, 1930) 
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Stockton, Andrew Benton, M.D. 564 Funston 
Ave., San Francisco, Calif. Assistant Clinical 
Professor of Medicine, Stanford Medical School. 
(3, 1931) 

Stokstad, E. L, Robert, Ph.D. Lederle Labora- 
tories, Pearl River, N. Y. Research Chemist. 
(5, 1942) 

Stoland, O. O., M.S., Pli.D. 1845 Learnard Ave., 
Lawrence, Kan. Professor of Physiology and 
Pharmacology, University of Kansas. (1, 1913) 
Stormont, Robert T., Ph.D. University of Chi- 
cago, Chicago, 111. Research Assistant in Phar- 
macology, Otho S. A. Sprague Memorial Insti- 
tute. (3, 1941) 

Stotz, Elmer H., Ph.D. New York State Agricul- 
tural E.xperiment Station, Geneva, N. Y. Pro- 
fessor of Chemistry. (2, 1939) 

Stoughton, Roger W., M.S., Ph.D. Mallinckrodt 
Chemical Works, 3600 N. Second St., St. Louis, 
Mo. Research Chemist. (3, 1939) 

Strong, Frank M., M.A., Ph.D. Department of 
Biochemistry, University of Wisconsin, Madison. 
Associate Professor of Biochemistry. (2, 1941) 
Struck, Harold Carl, Ph.D. University of Illinois 
College of Medicine, 1853 W. Polk St., Chicago. 
Assistant Professor of Pharmacology and Ther- 
apeutics. (1, 1940) 

Stuart, Charles A., M.Sc., Ph.D. 372 Lloyd Ave., 
Providence, R. I. Associate Professor of Biol- 
ogy, Brown University. (6, 1935) 

Sturgis, Cyrus Cressey, M.D. Simpson Memorial 
Institute, Ann Arbor, Mich. Director, Thomas 
Henry Simpson Memorial Institute for Medical 
Research; Chairman, Department of Medicine, 
University Hospital, and Professor of Medicine, 
University of Michigan. (4, 1927) 

SubbaRow, Y.; Ph.D. Lederle Laboratories, Pearl 
River, N. Y. (2, 1939) 

Sugg, John Y., Ph.D. Cornell University Medical 
College, 1300 Y'ork Ave., New York City. 
Assistant Professor of Bacteriology and Im- 
munology. (6, 1938) 

Sullivan, Michael Xavier, Ph.D. Chemo-Medical 
Research Institute, Georgetown University, 
37th & 0 Sts., N. W., Washington, D. C. Director 
and Research Professor of Chemistry. (2, 1909) 
Sulzberger, Marion B., M.D. 962 Park Ave., 
New Y’'ork City. Lieutenant Commander, M.C., 
U .S.N .R., in charge of Dermatology and Syphilol- 
ogy, U. S. A^aval Hospital, Brooklyn, N. Y.; 
Assistant Clinical Professor of Dermatology and 
Syphilology, Columbia University. (G, 1936) 
Summerson, William H., M..4.., Ph.D. Cornell 
University Medical College, 1300 York Ave., 
New A'ork City. Assistant Professor of Bio- 
chemistry. (2, 1942) 

Sumner, James Batcheller, .\.M., Ph.D. Dairy 
Building, Ithaca, N. Y'. Professor of Biochem- 


istry, Cornell University Medical College. (2, 
1919) 

Sumwalt, Margaret, M.S., Ph.D. Medical School, 
University of Pennsylvania, Philadelphia. (1, 
1934) 

Sunderman, F. William, M.D., Ph.D. University 
of Pennsylvania, Philadelphia. Assistant Pro- 
fessor of Research Medicine. (2, 1931) 
Sundstroem, Edward S., M.D. University of 
California, Berkeley. Associate Professor of 
Biochemistry. (2, 1919) 

Sure, Barnett, M.S., Ph.D. University of Arkan- 
sas, Fayetteville. Head of Department and 
Professor of Agricultural Chemistry. (2, 1923; 
5, 1933) 

Sutherland, George F., M.D.C.M., M.Sc. Wor- 
cester State Hospital, Worcester, Mass. Re- 
search fellow in Neuropathology, Harvard Medi- 
cal School; Captain, M.C., Darnall General 
Hospital, Danville, Ky. (1, 1939) 

Sutton, T. Scott, M.Sc., Ph.D. Ohio State Uni- 
versity, Columbus. Assistant Professor; Asso- 
ciate, Ohio Agricultural Experiment Station, 
College of Agricutlure. (5, 1936) 

Swain, Robert E., M.S., Ph.D., LL.D. 634 
Mirada Ave., Stanford University, Calif. Pro- 
fessor Emeritus of Chemistry. (2, 1909) 

Swann, Howard G., M.S., Ph.D. Dept, of Phar- 
macology, University of Texas Medical School, 
Galveston. Assistant Professor of Physiology. 
(1, 1940) 

Swanson, Pearl P., M.S., Ph.D. Iowa State Col- 
lege, Ames. Professor of Foods and Nutrition, 
Dept, of Foods and Nutrition. (5, 1933) 
Swanson, William W., M.S., M.D. 2376 E. 71st 
St., Chicago, 111. (2, 1938) 

Sweeney, H. Morrow, M.S., Ph.D. School of 
Medical Sciences, University of South Dakota, 
Vermillion. Professor of Physiology and Phar- 
macology and Head of the Department. (1, 1939) 
Sweet, J. E., A.M., M.D., Sc.D. Unadilla, N. Y. 
Emeritus Professor of Surgical Research, Cornell 
Medical College. (1, 1913) 

Swift, Homer, M.D., D.Sc. 888 Park Ave., New 
York City. Member, Rockefeller InstiMc for 
Medical Research; Physician to The Hospital of 
The Rockefeller Institute for Medical Research. 
(G, 1920) 

Swift, Raymond W., M.S., Ph.D. Pennsylvania 
State College, State College. Professor, Insti- 
tute of Animal Nutrition. (5, 1934) 

Swingle, Wilbur Willis, Ph.D. Princeton Univer- 
sity, Princeton, N. J. Professor of Biology. 

(1, 1924) 

Sykes, Joseph F., M.S.A., Ph.D. Michigan State 
College, E. Lansing. Research Assistant and 
Assistant Professor of Physiology and Pharma- 
cology. (I, 1942) 
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Syvprion. Jerome T., M.D. The University of 
llorlu'ster School of Me<lieine .md Oentistry nml 
Stroiic Mcmorinl Ilospilol, Hoehester, X. A . 
.-Irw/dcV of Pnrlrrwlog;/. ('I, 1910) 

Tainler, M. L.. M.A., M.O. \Vinlhro|) Cliemienl 
Comiwny, Uctisscl.ser. X. A . Diroclor of Ifc- 
Harch. (l,1929:n. 1927) 

Tail. John. M.D., D.Se., F.H.S.E., IMl.S.C. 
McGill University, Montreal, Qne., Canada. 
Treffjsor of Phyaiology (/fctircd). (1, 1019) 
Talbert, Georcc A.. Ph.D. University Station, 
Grand lorks, X. 1>. Profesfor of Phiiniotogt/ 
and Phannncologii^ Unirrrsitu of Xorlh Dakota. 
(I. 1010) 

Talbot, Samuel .Armstronc, A.M., M.S., I’h.D. 
AVilmer Institute, .lohns Hopkin.s Hospital, 
Daltimorc, Md. /tislri/c/or in Phiisiological 
Optici>, John.^ Hopkins Unii'orsitti. (I, 1010) 
Taliaferro, AA'illinm H., Ph.D. Dcp.artment. of 
B.ietcriolocy, University of ChiaaRO, ChictiRo, 
111. EUakim 11. Monre Dislingui.shod Service 
Professor of Parasilolog;i and Dean of the Divi- 
sion eif Biological Sciences. (G. 1030) 
Tannenbaum, Albert, M.D. Michael Hecso IIo.s- 
pit.a!,20thSt.A: Ellis .Avc., Ghiettpo, 111. Direc- 
tor, Department of Cancer Research. (4, 1942) 
Tashiro, Shiro, Ph.D., M.D. College of Medicine, 
University of Cincinnati, Cincinnati, 0. Pro- 
fessor of Biochemistry. (1, 101,3; 2, 1913) 

Tatum. Arthur L., M.S., Ph.D., M.D. University 
of Wisconsin, Madison. Professor of Pharma- 
cology. (I, 1913; 3. 1919) 

Tauber. Henry, Ph.D. Publicker Cominorcinl 
Alcohol Co,, Philadelphia, Pa. Supervisor of 
Ethyl Alcohol Fermentation. (2, 1933) 

Taylor, Alonzo E., M.D. General Mills, Inc. 
200 Chamber of Commerce, Minneapolis, Minn. 
Director of Research. Director Emeritus, Food 
Research Institute, Stanford University. (5, 
1933) 

Taylor, Fred A., Ph.D. 320 B. Xorth .\ve., N.S., 
Pittsburgh, Pa. Biochemist, Singer memorial 
Laboratory. (2, 1933) 

Taylor, Haywood M„ M.S., Ph.D. Duke Uni- 
versity School of Medicine, Durham, X. C. 
Associate Professor of Biochemistry and Toxi- 
cology; Toxicologist to Duke Hospital. (4, 1942) 
Taylor, Norman Burke, M.D., F.R.S. (Can.), 
M.R.C.S. (Eng.), L.II.C.P. (Lon.), F.R.C.S. 
CEdin.), F.R.C.P. (Can.). University of To- 
ronto, 5, Ontario, Ont., Canada. Professor of 
Physiology. (1. 1922) 

Teague, Robert S., M.D., Ph.D. Department of 
Pharmacology and Physiology, University of 
Alabama, University. Instructor in Pharmacol- 
,ogy. (3,1942) 

Templeton, Roy D., B.S. 2010 N. Broadway, Shel- 
by ville, 111. Loyola University School of Medi- 


cine, 700 Sotilli Lincoln .St., Chicago, III. 
Associate in Physiology. (1, lOS.*}) 

Ton Hrocck, Carl, M.D. The Rookcfcllor Insti- 
tute for Medic;d Rc.search, Department of Ani- 
mal nnd Plant Pathology, Princeton, N. J. 
Member. (4, 1932; G, 1024) 

Terplnn, Kernel L., M.D. University of Buffalo, 
School of jAfedicino, lluffnlo, N. A'. Professor of 
Pathology and Bacteriology. (4, 1935) 
Thannlinusor, S. J., M.D., Ph.D. Tufts College 
Mcdic.'d School, 30 Bennot St., Boston, Mass. 
Clinical Professor of Medicine; Associate Phy- 
sician in Chief, Joseph If, Pratt Diagnostic 
Hospital. (2, 1937) 

Thayer, Sidney Allen, Ph.D. 1402 S. Grand 
Blvd., St. Ixuiis 4, Mo. Assistant Professor of 
Biochemistry, ,St. Louis University School of 
Medicine. (2, 1933) 

Thclier, Max, M.D. Rockefeller Foundation, 
New A'ork City. Member of Field Staff. (4, 
1938) 

Thicncs, Clinton H., A.M., M.D., Ph.D. Uni- 
versity of Southern California School of Medi- 
cine, Ix)s Angeles. Professor of Pharmacology, 
(3, 1028) 

Thomas, Arthur AAL, Ph.D. Columbia University, 
Now A'ork City. Professor of Chemistry. (2, 
1924) 

Thomas, Byron H., M.S., Ph.D. Iowa State Col- 
lege, .Ames. Professor and Head, Animal 
Chemistry and Nutrition, lotca Agrictdtural 
Experiment Station. (5, 1933) 

Thomas, Caroline Bedell, M.D. The Johns Hop- 
kins Hospital, B.altimorc, Md. Instructor in 
Medicine, Johns Hopkins University School of 
Medicine. (I, 1939) 

Thomas, J. Earl, M.S., M.D. Jefferson Medical 
College, Philadelphia, Pa. Professor of Physi- 
ology. (1, 1922; 3, 1924) 

Thompson, Randall L., S.M., Sc.D., M.D. School 
of Medicine, Western Reserve University, 2109 
Adeibert Rd., Cleveland, 0, Assistant Pro- 
fessor of Bacteriology. (G, 1937) 

Thompson, W'illiam R., Ph.D. 883 Warren St., 
Albany, N. Y. (2, 1934) 

Thomson, David Landsborough, M.A., Ph.D., 
F.R.S.C. McGill University, Montreal, Canada. 
Professor of Biochemistry and Dean of the Faculty 
of Graduate Studies and Research. (2, 1929) 

Thorn, George BA’dmer, M.D. Peter Bent Brig- 
ham Hospital, Boston, Mass. Professor of 
Medicine of Harvard University. (1, 1939) 
Tillett, William S., M.D. , Sc.D. (hon.). Depart- 
ment of Bacteriology, New York University 
College of Medicine, 477 First Ave., New York 
City. Professor of Medicine. (6, 1927) 

Tilt, Jennie, M.S., Ph.D. Florida State College 
for Women, Tallahassee. Professor of Physio- 
logical Chemistry and Nut ' ' S, 1937) ■ 
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Tipson, R. Stuart, Ph.D. Mellon Institute of 
Industrial Research, University of Pittsburgh, 
Pittsburgh, Pa. Fellow, Department of Research 
in Pure Chemistry. (2, 1937) 

Tipton, Samuel R., Ph.D. Department of Physi- 
ology, College of Medicine, Wayne University, 
Detroit, Mich. Assistant Professor in Physiol- 
ogy. (1, 1940) 

Tisdall, Frederick F., M.S., M.D., M.R.C.S., 
L.R.C.P. (London), F.R.C.P. (C.). University 
of Toronto, Toronto, Canada. Associate Pro- 
fessor of Pediatrics; Associate Physician, Hospi- 
tal for Sick Children, Department of Medicine, 
University of Toronto. (2, 1922; 5, 1933) 

Titus, Harry W., A.M., Ph.D. 3705 24th St.,- 
N.E., Washington 18, D, C. Senior Biological 
Chemist, Bureau of Animal Industry, U. S. 
Department of Agriculture. (2, 1929; 5, 1933) 
Tocantins, Leandro Mau6s, M.D. Jefferson Medi- 
cal College, Philadelphia, Pa. Associate Pro- 
fessor of Medicine. (1, 1939) 

Todhunter, Elizabeth Neige, M.Sc., Ph.D., Uni- 
versity of Alabama, University. Associate 
Professor of Nutrition. (5, 1939) 

Toennies, Gerrit, Ph.D. Lankenau Hospital Re- 
search Institute, Philadelphia, Pa. Research 
Chemist, (2, 1934) 

Tolle, Chester D., Ph.D. Food and Drug Ad- 
ministration, Federal Security Agency, Wash- 
ington, D. C. Senior Biochemist. (5, 1942) 
Tompkins, Edna H., M.D. Vanderbilt Univer- 
sity, School of Medicine, Nashville, Tenn. 
Associate Professor of Anatomy. (4, 1941) 
Torda, Clara, Ph.D., M.D.* Cornell Medical Cen- 
ter, New York City. Research Fellow in Depart- 
ment of Medicine. (1, 1943) 

Torrey, John C., Ph.D., D.Sc. 1300 York Ave., 
New York City. Professor {Emeritus) of Epi- 
demiology, Cornell University Medical College. 
(6. 1920) 

Toth, Louis A., M.S., Ph.D. Tulane University 
School of Medicine, Station 20, New Orleans, 
La. Assistant Professor of Physiology. (1, 
1940) 

Tourtellotte, Dee, M.S., D.Sc. Charles B. Knox 
Gelatin Co., Johnstown, N. Y. (5, 1935) 

Tower, Sarah Sheldon, M.D., Ph.D. Johns Hop- 
kins Medical School, Baltimore, Md. Associate 
in Anatomy. (1, 1932) 

Travell, Janet, M.D. Cornell University Medical 
College, New York City. Instructor in Phar- 
macology. (3, 1933) 

Travis, Lee Edward, A.M., Ph.D. Dept, of Psy- 
chology, Univ. of Southern California, Los An- 
geles. Major, Public Relations Officer, Army Air 
Force, Gardner Field, Taft, Calif. (1, 1929) 
Treffers, Henry P., Ph.D. Harvard Medical 
School, Boston, Mass. Assistant Professor of 


Comparative Pathology and Biochemistry. (G, 

1942) 

Trimble, Harry C., M.D., Ph.D. 25 Shattuck St., 
Boston Mass. Assistant Professor of Biological 
Chemistry, Harvard Medical School. (2, 1929; 
5, 1936) 

Tuft, Louis H., M.D; 1530 Locust St., Phil- 
adelphia, Pa. Assistant Professor of Medicine, 
Temple University Medical School; Chief of 
Clinic of Allergy and Applied Immunology, 
Temple University Hospital. (6, 1928) 
turn Suden, Caroline, M.A., Ph.D. 80 E. Con- 
cord St., Boston, Mass. Evans Research Fellow 
in Physiology, Boston University School of Medi- 
cine; Assistant, Evans Memorial Staff, Massa- 
chusetts Memorial Hospitals. (1, 1936) 

Tuohy, Edward B„ M.S., M.D. Mayo Founda- 
tion, Mayo Clinic, Rochester, Minn. Assistant 
Professor of Anesthesiology. (3, 1941) 

Turner, Abby H., Ph.D. Mount Holymke College, 
South Hadley, Mass. Professor of Physiology . 
(1, 1928) 

Turner, William A., Ph.D. Bureau of Dair}' In- 
dustry, U. S. Department of Agriculture, Belts- 
ville, Md. Associate Chemist. (2, 1929) 
Tuttle, Waid Wright, M.A., Ph.D. University of 
Iowa, Iowa City. Professor of Physiology. 
(1, 1925) 

Tweedy, Wilbur R., Ph.D. Loyola University 
School of Medicine, 706 S. Wolcott St., Chicago, 
111. Professor and Chairman, Department of 
Biological Chemistry. (2, 1931) 

Tyler, David B., Ph.D.* California Institute of 
Technology, Pasadena. Hixon Fund Felloiv. (I, 

1943) 

Unna, Klaus R. W., M.D. Merck Institute for 
Therapeutic Research, Rahway, N. J. Research 
Associate. (1, 1941; 5, 1942) 

Upton, Morgan, M.A., Ph.D. British Purchasing 
Commission, 1518 K St., N.W. Washington, 
D. C. (1, 1934) 

Urban, Frank, Ph.D. Washington University 
School of Medicine, St. Louis, Mo. Assistant 
Professor of Biochemistry. (2, 1932) 

Vahlteich, Ella McCollum, M.A., Ph.D. 46 Hud- 
son Ave., Edgewater, N. J. (5, 1933) 
van Dyke, H. B., Ph.D., M.D. The Squibb In- 
stitute for Medical Research, New Brunswick, 
N. J. Head of the Division of Pharmacology; 
Honorary Professor of Physiology, Rutgers 
University. (1, 1925; 3, 1942) 
van Harreveld, Anthonie, M.A., M.D. California 
Institute of Technology, Pasadena. Associate 
Professor of Physiology. (1, 1941) 

Van Liere, Edward J., M.S., M.D., Ph.D. Die 
School of Medicine, West Virginia Univensitj', 
Morgantown. Professor of Physiology an 
Dean. (1, 1927) 


AM’llAHJCTICAIi M8T Ol' AI,L MIOMBEHS OF THE SIX SOCIETIES 


287 


YanSljkc. Donnltl 1)., Fli.l')., Sc.O., M.O. liockc- 
fcllcr Institnlc' for Mnlicnl Hesi'nrrli, fiOlli St. 
.iml York Avo., Xtov York (’ity. Member; 
Member, Xntionnl Arndem;/ of Sn'enres. (2, 

ms) 

ran WnRcnpn. Gorlrudc. Pli.l'). Y.-do Univi'r.'sily 
School of Mcdiciiio, Xow llnvon, Conn. A.wo- 
einlc Professor. (1, 10II2) 

Van Winkio, AVnllon, Jr., M.D. I’linrinacoloRy 
Division, Food and llrnR .Administnition, Fnd- 
end Soenrity Aponcy, Wa.sliinplon, D. C. Aeito- 
a'ale Pbarmaeoloffi'sl. (H, 1030) 

Vars, Harry M., Fh.I). Harrison Dcjwrlnu'iit of 
Siitpical Hcscarcli, University of Pennsylvania 
Medical School, Philadelphia. .•l.'SRis/aiif Pro- 
fessor of Physiologicnl Chcinislri/. (2, 103.1; 
5, 1935)’ 

Venning, Eleanor H., M.S., Pli.D. University 
Clinic, Royal Victoria Hospit.al, Pine Avc., 
Montreal, Quebec, Canada. Pcsearch FcUoiv. 
(2. 193S) 

Vickery, Hubert B., M.S., Pli.D. Connecticut 
Agricultural Experiment Station, X’en- Haven. 
Lcclurcr on Ihc Chemistry of Proteins, Vale 
Vniiersity; Biochemist in Charge, Connecticut 
AgricvUural Experiment Station; Member, Na- 
tional Academy of Sciences. (2, 1923) 

Victor, Joseph. M.D. Resonreh Division for 
Chronic Disc.ase, Welfare Island, X. V. Experi- 
mental Pathologist, Associate in Pathology, 
Columbia University College of Physicians and 
Surgeons. (4, 1935) 

Virtue, Robert M’., Pli.D. University of Denver, 
Denver, Colo. Associate Professor of Chemistry. 
(2, 1039) 

Visscher, Maurice B., M.S., Pli.D. University 
of Minnesota, Minneapolis. Professor of Physi- 
ology. (1, 1927) 

Voegtlin, Carl, Ph.D. National Cancer Institute, 
Bethesda, Md. Chief; Pharmacologist Director, 
United States Public Health Service. (1, 190S; 
2, 1908 ; 3, 190S) 

von Haam, Emmerich, M.D. Ohio State Uni- 
versity, Columbus. Professor of Pathology. 
(4, 193S) 

Von Oettingen, W. F., M.D., Ph.D. National In- 
stitute of Health, Division of Industrial Hy- 
giene, Bethesda, Md. Principal Industrial 
Toxicologist. (3, 1925) 

Vorwald, Arthur J., Ph.D., M.D. Lt. Com- 
mander, U.S.N.R., U. S. Naval Hospital, An- 
napolis, Md. (4, 1937) 

Vos, Bert J.. Ph.D., M.D. Food and Drug Ad- 
ministration, Washington, D. C. Associate 
Pharmacologist. (3, 1941) 

Waddell, J. a., M.D, Monroe Hill, Medical 
School, University of Virginia, Charlottesville. 
Professor of Pharmacology. (3, 1916) 


Waddell, Jnrne.s. I'h.D. E. I. duPont do N'cmoiirs 
iV Co., New Brunswick, N. .1. Director of the 
Biological Laboratory. (2, 1030 ; 5, 1935) 
Wncl.sworih, Aiigii.sliis B., Af.D. Now York State 
Department of Hcaltli, Albany. Director, Divi- 
sion of Laboratories and Research. (4, 1935; 
6, 1920) 

Wnclsch. Ilcinricli, M.D., Ph.D, Columhia Uni- 
versity, College of PIiysician.s and Surgeons, 
630 W. 10.Stli St., X^cw York City. Research 
As.socialc in Biochemistry. (2, 1911) 

Wnkeman, Alfred J., Ph.D. Ilntfiold Hill Road, 
Bethany, Conn. Retired. (2, 1906) 

Wnkcrlin, George E., Ph.D., M.D. University 
of Illinois Medical School, 1S63 W. Polk St., 
Chic.ago. Professor of Physiology. (1, 1933; 
3. 1931) 

Wnkim, Khalil G., M.D., Pli.D. University of 
Indiana Medical School, Bloomington. Professor 
of Physiology. (1, 1912) 

Wald, George, M. A., Ph.D. Biological Labora- 
tories, Harvard University, Cambridge, Mass. 
(1. 1931) 

Walker, Arthur M., M.D. University of Penn- 
sylvania, Philadelphia. Associate Professor of 
Pharmacology. (1, 1932; 3, 1939) 

Walker, Burnham S., Ph.D., M.D. Boston Uni- 
versity School of Afcdicino, SO E. Concord St., 
Boston, Mass. Professor of Biochemistry. (2, 
1040) 

Walker, Ernest Einwood, S.D. Second and Par- 
nassus Aves., San Francisco, Calif. Professor 
of Tropical Med., The George IVilliams Hooper 
Foundation for Medical Research, University 
of California. (3, 1931) 

Wallace, Edward W., Ph.D., M.D. 1203 Ryland 
Avc,, Cincinnati, O. Associate Professor of 
Pharmacology, University of Cincinnati, College 
of Medicine. (3, 1938) 

Wallace, George B., A.M., Sc.D. (hon.) AI.D. 477 
First Avo., Now York City. Professor of 
Pharmacology, New York University College 
of Medicine. (I, 1901; 2, 1906; 3, 1909) 
Wallen-Lawrence, Zonja, Ph.D. 4534 W. Pine 
Blvd., St. Louis 8, Mo. (2, 1937) 

Walter, Carl W., M.D. Harvard Medical School, 
25 Shattuck Street, Boston, Mass. Director, 
Laboratory for Surgical Research; Associate in 
Surgery, Peter Bent Brigham Hospital. (4, 
1942) 

Walters, Orville S., Ph.D., M.D. Central College, 
McPherson, Kan. President. (1, 1936) 

Walton, Robert P., M.A., Ph.D., M.D. Medical 
College of the State of South Carolina, Charles- 
ton. Professor of Pharmacology. (3, 1933) 
Walton, Seth T„ V.M.D., M.S., Ph.D, City 
Health Department, Charlotte, N. C. Director 
of Laboratories and Research. (6, 1936) 
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Walzer, Matthew, M.D. 20 Plaza St., Brooklyn, 
N. Y. Attending in Allergy, Jewish Hospital 
of Brooklyn. (G, 1924) 

Wang, Chi Che, M.S., Ph.D. 323 Belden Ave., 
Chicago, 111. Research Chemist, Children's Me- 
morial Hospital; Assistant Professor, Dept, of 
Physiology, Northwestern University Medical 
College, Chicago. (2, 1922; 5, 1933) 

Wang, Shih-Chun, M.D., Ph.D.* Columbia Uni- 
versity College of Physicians and Surgeons, 630 
W. 168th St., New York City. Instructor in the 
Department of Physiology. (1, 1943) 

Wangensteen, Owen Harding, M.D. University 
of Minnesota, Minneapolis. Professor of Siir- 
gery. (4, 1931) 

Warner, Emory D., M.D. Medical Laboratories 
Bldg., Iowa City, la. Associate Professor of 
Pathology. (4, 1937) 

Warren, Charles O., Ph.D., M.D. Cornell Uni- 
versity Medical College, 1300 York Ave., New 
York City. Assistant Professor of Physiology 
and Anatomy. (1, 1941) 

Warren, Madeleine Field, A.M., Ph.D. 9 High 
Rock St., Needham, Mass. Harvard School of 
Public Health, 55 Shattuck St., Boston, Mass. 
Associate in Physiology. (1, 1933) 

Warren, Shields, M.D. Palmer Memorial Hos- 
pital, 195 Pilgrim Rd., Boston, Mass. Patho- 
logist, New England Deaconess Hospital; As- 
sistant Professor of Pathology, Harvard Medical 
School. (4, 1929) 

Wartman, William Beckmann, M.D. Western 
Reserve University, 2085 Adelbert Rd., Cleve- 
land, 0. Assistant Professor of Pathology. 
(4, 1940) 

Wasteneys, Hardolph, Ph.D., F.R.S.C. Univer- 
sity of Toronto, Toronto, Canada. Professor 
and Head of Department of Biochemistry . (2, 

1915) 

Wastl, Helene, M.D. Hahnemann Medical Col- 
lege and Hospital, Philadelphia, Pa. Research 
Associate in Pharmacology and Anatomy. (1, 
1939) 

Waterman, Robert E., B.S. Research Corpora- 
tion, 405 Lexington Ave., New York City. 
(2, 1940) 

Waters, Ralph Milton, M.D. University of Wis- 
consin, IV'Iadison. Professor of Anesthesia. (3, 
1937) 

Watson, Cecil J., M.D., Ph.D. Department of 
Medicine, University Hospital, Minneapolis, 
Minn. Professor and Head of Department of 
Medicine. (4, 1941) 

Watson, John B., A.M., Ph.D., LL.D. 420 
Lexington Ave., New York City. Vice Presi- 
dent of the J. Walter Thompson Co. (1, 1907) 

Wand, Bussell A., M.D., M.Sc., Ph.D. Medical 
School, University of Western Ontario, London, 


Canada. Professor of Pharmacology. (1, 1925; 
3, 1931) 

Waugh, David F., Ph.D.* Department of Biology 
and Biological Engineering, Massachusetts In- 
stitute of Technology, Cambridge. Assistant 
Professor of Physical Biology. (1, 1943) 

Wearn, Joseph T., M.D. Lakeside Hospital, 
Cleveland, 0. Professor of Medicine, Western 
Reserve University; Director of Medicine, Lake- 
side Hospital. (1, 1921) 

Weatherby, J. H., M.A., Ph.D. Medical College 
of Virginia, Richmond. Research Associate in 
Pharmacology. (3, 1941) 

Weber, Clarence J., M.D., Ph.D. University of 
Kansas Hospitals, Kansas City. Assistant Pro- 
fessor of Research Medicine. (2, 1931) 
Webster, Bruce, M.D., C.M. Cornell University 
Medical College, 1300 York Ave., New York 
City. Assistant Professor Medicine; Associate 
Attending Physician, New York Hospital. (5 
1935) 

Weed, Lewis H., A.M., M.D., Sc.D. Johns Hop- 
kins University Medical School, Baltimore, Md. 
Professor of Anatomy. (1, 1919) 

Wegria, Rene, M.D. Department of Medicine, 
Presbyterian Hospital, 622 W. 168th St., New 
York City. (1, 1941) 

Weichert, Charles K., Ph.D. University of Cin- 
cinnati, Cincinnati, 0. Assistant Professor of 
Zoology. (1, 1935) 

Weil, Alfred J., M.D. Lederle Laboratories, Inc., 
Pearl River, N. Y. Immunologist. (6, 1940) 
Weil, Arthur, M.D. Northwestern University 
Medical School, 303 E. Chicago Ave., Chicago, 
111. Associate Professor of Neuropathology. 
(4, 1940) 

Weil, Leopold, Ph.D. Eastern Regional Research 
Laboratory, U. S. Department of Agriculture, 
Chestnut Hill Station, Philadelphia, Pa. . Asso- 
ciate Chemist. (2, 1942) 

Weir, Everett G., M.S., Ph.D. School of Medi- 
cine, Howard University, Washington, D. C. 
Assistant Professor of Physiology. (1, 1941) 
Weiss, Charles, M.S., Ph.D., M.D. Alount Zion 
Hospital, San Francisco, Calif. Associate Pro- 
fessor of Research Medicine and Lecturer in 
Pediatrics, University of California; Director 
of Clinical and Research Laboratories, Mount 
Zion Hospital. (4, 1934; 6, 1920) 

Weiss, Emil, M.D., Ph.D. 2318 Irving Park Rd., 
Chicago, 111. Pathologist, Chicago Eye, Ear, 
Nose and Throat Hospital. (6, 1927) 

Weiss, Paul, Ph.D. University of Chicago, 
Chicago, 111. Professor of Zoology. (L 1936) 
Welch, Arnold DeMerritt, Ph.D., M.D. Medica 
Research Division, Sharp and Dohme, 
Glenolden, Pa. Director of Research. (3, 1912) 
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Welch, Henry, rii.D. IhictcrioloRicjil Section, 
U. S. K(x>d nml DniR Adminisitmtion, WiishitiR- 
ton, r>. C. Senior lioctcriolopisl. (0, 11132) 
Weld, Charles Ilccrhcr, M.A., M.l). Ilallioiisio 
University, Halifax, X.S., Canada. IWnfcsror 
of rhifsioioptj. (1, 1030) 

Weld, Mrs. Julia T. Collepo of Pliysiriaius and 
Suipcons, 630 W. ICStli Si., Xcw A'ork City. 
Rctcarch Associnic in Palholopii. (0, 1020) 
Welker, William H., A.C., Pli.D., D.Se. IS-OS W. 
Polk St., Chicago, 111. Professor of Physiolopi- 
cal Chcmislrp and Head of the Department, Col- 
lege of Medicine, Unircrsilp of Illinois. (2, 
1900) 

Weller, Carl Vernon, M.D. 1130 I'air Oaks Pnrk- 
n-ay, Ann Arbor, Mich. Professor of Pathology 
and Chairman' Department of Pathology, Uni- 
versity of Michigan. (J, 1023) 

Wells, Herbert S., M.O. Bowman Gray School of 
Medicine, AVinston-Salcni, X. C. Professor of 
Physiology and Pharmacology. (1, 1032) 
Wcndcl, William B., Pli.D. ColleRe of Medicine, 
University of Tennessee, Memphis. .-Issocia/c 
Professor of Chemistry. (2, 1932) 

Workman, C. H., Ph.D. Science Hall, Iowa 
State College, jVmcs. Professor in Charge, 
Bacteriology Section. (2, 1942) 

Wcrle, Jacob M., M.D.* -MT.S Broadnle Avc., 
Cleveland, 0. tst Lieutenant, Medical Corps, 
School of An'ati'on Medicine, Randolph Field, 
San Antonio, Texas. (1, 1913) 

Werner, Harold W., Pli.D, Division of Industrial 
Hygiene and Toxicology, Xational Institute of 
Health, Bethesda, Md. Pharmaeologisl. (3, 
1942) 

Wertenberger, Grace E., S.M., Ph.D.* IVomen’s 
Medical College of Pennsylvania, Philadelphia. 
Assistant Professor of Physiology. (1, 1943) 
Wesson, Laurence Goddard, Ph.D. Forsyth 
Dental Infirmary, Boston, Mass. Research 
Biochemist. (2, 1929 ; 3, 1932) 

West, Edward S., M.S., Ph.D. University of 
Oregon Medical School, Portland. Professor 
of Biochemistry. (2, 1925) 

West, Randolph, M.A., M.D. 022 IV. ICSth St., 
Xew York City. Associate Professor of Medi- 
cine, Columbia University. (2, 1931) 
Weymouth, Frank Vf., Ph.D. Stanford Univer- 
sity, Calif. Professor of Physiology and Exec- 
'ulive of the Department. (1, 1917) 

Wheeler, George W., M.D. New York Hospital, 
525 E. 68th St., New York City. Superin- 
tendent. (6, 1920) 

Hheeler, Kenneth M., Ph.D. Bureau of Labora- 
tories, Connecticut State Department of Health, 
1179 Main St., Hartford. Research Micro- 
hiologist. (6, 1938) 


Wlicolor, Mnry AV., M.A. Division of Jjabom- 
torica and Research, N^ew York Stale Depart- 
ment of Health, Albany. Associate Bacteri- 
ologist. (C, 1033) 

Wheeler, Ruth, Ph.D. Vassar College, Pough- 
keepsie, N. Y. Professor of Physiology and 
Nutrition. (2, 1915; 6, 1933) 

Whcclon, Homer, M..S., M.D. Anieric.an Bank 
Bldg., Seattle, AVn.sh. (I, 1919) 

Whipple, George H,, M.D., Sc.D. University of 
Rochester, Rochester, N; Y. Professor of 
Pathology and Dean of the School of Medicine and 
Dentistry; Member of the National Academy of 
Sciences. (1, 1011; 4, prior to 1920) 

While, Abrnhnm, M..\., Pli.D. 333 Cedar St., 
New Haven, Conn. Associate Professor of 
Physiological Chemistry, Medical School, Yale 
University. (2, 1034; 5, 1937) 

While, Frank I)., Ph.D., F.I.C. Mcdic.al College, 
University of Manitoba, AVinnipeg, Canada. 
Assistant Professor of Biochemistry, Faculty of 
Medicine. (2, 1031) 

AA’hitc, Harvey Lester, M.D. Station Hospital, 
A.P.O. 720, Seattle, A\)ish. Colonel, M.C.; Asso- 
ciate Professor of Physiology, Washington Uni- 
versity Medical School, St. Loin's, ilfo. (I, 1923) 
AA'hitc, Julius, A.M., Ph.D. Station Hospital, Camp 
Gordon .Johnston, Florida. Captain, U. S.Army. 
(2, 1937) 

AA'hitc, Paul Dudley, M.D., Massaclmsetts Gen- 
eral Hospital, Boston. Lecturer in Medicine, 
Harvard Medical School; Physician (in charge of 
Cardiac Clinics and Laboratory), Mass. General 
Hospital. (3, 1921) 

AA'hitehcnd, Richard AA'., M.A., M.D. University' 
of Colorado School of Medicine, 4200 E. Ninth 
Avc., Denver. Professor of Physiology and 
Pharmacology. (1, 1933; 3, 1928) 

AA'icner, Alexander S., M.D. 64 Rutland Rd., 
Brooklyn, N. Y. Bacteriologist and Scrologist 
to Office of Chief Medical Examiner of New York 
City; Head of Transfusion Division, Jewish 
Hospital of Brooklyn. (G, 1932) 

AA'iersma, Cornells A. G., M.A., Ph.D. California 
Institute of Technology, Pasadena. Associate 
Professor of Physiology. (1, 1941) 

AA'iggcrs, Carl J., M.D., Sc.D. Medical School, 
AA'^estern Reserve University, Cleveland, O. 
Professor and Director of Physiology. (1, 1907; 
3, 1909) 

Wiggers, Harold C., Ph.D. College of Medicine, 
University of Illinois, 1853 AV. Polk St., Chi- 
cago. Associate Professor of Physiology. (1, 
1938) 

AA'igodsky, Herman S., Ph.D., M.D.* Research 
Division, Air Surgeon’s Office, Hdqlrs. 

Army Air Forces, AA’ar D 
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D. C. Major, M.C.; Chief, Physiological Branch. 
(1, 1943) 

Wilder, Russell M., Ph.D., M.D. jMayo Clinic, 
Rochester, Minn. Professor of Medicine, Mayo 
Foundation, University of Minnesota. (1, 1921 ; 
4, 1924 ; 5, 1933) 

Wiley, Frank H., M.S., Ph.D. Food and Drug 
Administration, Federal Security Agency, Wash- 
ington 25, D. C. Senior Chemist. (2, 1933) 
Wilhelmi, Alfred E., Ph.D. 333 Cedar St., New 
Haven, Conn. Yale University School of Medi- 
cine. Instructor in Physiological Chemistry. 
(2, 1942) 

Wilhelmj, Charles Martel, M.D. Creighton Uni- 
versity School of Medicine, Omaha, Neb. Pro- 
fessor of Physiology. (1, 1931) 

Wilkerson, Vernon A., M.D., Ph.D. Howard 
University Medical School, Washington, D. C. 
Professor and Head of Department of Bio- 
chemistry. (2, 1936) 

Williams, Harold H., Ph.D. 660 Frederick St., 
Detroit, Mich. Associate Director, Research 
Laboratory, Children's Fund of Michigan. 
(2, 1938; 5, 1936) 

Williams, Horatio B., M.D., Sc.D. 632 W. 168th 
St., New York City. Dalton Professor of 
Physiology Emeritus, Columbia University. 
(1, 1912) 

Williams, Ray D., M.D. 6834 Waterman St., St. 

Louis, Mo. Research Fellow. (5, 1941) 

Williams, Robert R., D.Sc. Bell Telephone 
Laboratories, 297 Summit Ave., Summit, N. J. 
Chemical Director. (5, 1941) 

Williams, Robert Hardin, M.D. Thorndike Labo- 
ratory, Boston City Hospital, Boston, Mass. 
Instructor in Medicine, Harvard Medical School; 
Assistant Physician, Thorndike Memorial Labo- 
ratory; Junior Visiting Physician, II and IV 
Medical Services (Harvard) Boston City Hos- 
pital. (4, 1940) 

Williams, Robert R., M.S., D.Sc. 297 Summit 
Ave., Summit, N. J. Chemical Director, Bell 
Telephone Laboratories. (2, 1919) 

Williams, Roger J., Ph.D., D.Sc. University of 
Te.xas, Department of Chemistry, Austin. 
Professor of Chemistry. (2, 1931) 

Wills, J. H., M.S., Ph.D.* University of Roches- 
ter, School of Medicine and Dentistry, Roches- 
ter, N. Y. Associate in Pharmacology. (1, 1943) 
Wilson, David Wright, M.S., Ph.D. University 
of Pennsylvania Medical School, Philadelphia. 
Professor of Physiological Chemistry. (1, 1915; 
2, 1915) 

Wilson, Frank N., M.D. University Hospital, 
Ann Arbor, Mich. Professor of Medicine, Uni- 
versity of Michigan. (4, 1925) 

Wilson, Karl M., M.D. University of Rochester, 
School of Medicine, Rochester, N. Y. Professor 
of Obstetrics and Gynecology. (4, 1927) 


Wilson, P. W., Ph.D. Department of Agricul- 
tural Bacteriology, University of Wisconsin, 
Madison. Associate Professor in Agricxdhiral 
Bacteriology. (2, 1939) 

Wilson, Robert H., Ph.D. U. S. Department of 
Agriculture, Stanford University School of 
Medicine, San Francisco, Calif. Pharmacolo- 
gist. (3, 1937) 

Winder, Claude V., Sc.D. 1927 De.xter Ave., Ann 
Arbor, Mich. Pharmacologist, Parke, Davis & 
Company, Detroit, Mich. (1, 1938) 

Windle, William Frederick, Ph.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, 111. Professor of Anatomy. (1, 1937) 
Winkenwerder, Walter LaF., M.D. Brooklandville, 
Md. Associate in Medicine, Johns Hopkins 
Medical School. (6, 1938) 

Winkler, Alexander Woodward, A.M., M.D. 
New Haven Hospital, 789 Howard Ave., New 
Haven, Conn. Assistant Professor of Medicine, 
Yale University School of Medicine. (1, 1940) 
Winter, Charles A., Ph.D. State University of 
Iowa, College of Medicine, Iowa City. Assistant 
Professor of Physiology. (1, 1940) 

Winter, Irwin Clinton, Ph.D., M.D. University 
of Oklahoma School of Medicine, Oklahoma City. 
Associate Professor in Pharmacology. (3, 1941) 
Winters, Jet C., M.A., Ph.D. University of 
Texas, Austin. Professor bf Home Economics, 
(5, 1933) 

Winternitz, M. C., M.D. Yale University School 
of Medicine, New Haven, Conn. Anthony N. 
Brady Professor of Pathology, (4, prior to 1920) 
Wintersteiner, Oskar, Ph.D. The Squibb In- 
stitute for Medical Research, New Brunswick, 
N. J. Head, Division of Organic Chemistry; 
Honorary Professor of Biochemistry, Rutgers 
University. (2, 1930) 

Wintrobe, Makwell Myer, M.D., Ph.D. Universitj' 
of Utah School of Medicine, Salt Lake City. 
Head and Professor of the Department of Internal 
Medicine. (4, 1940) 

Wiseman, Bruce Kenneth, M.D. Kinsman Hall, 
Ohio State University, Columbus. Professor 
of Medicine; Assistant Director of Medical Re- 
search. (4, 1932) 

Wislocki, George B., M.D. Harvard University 
Medical School, 25 Shattuck St., Boston, Mass. 
Parkman Professor of Anatomy. (1, 1924) 
Witebsky, Ernest, M.D. Buffalo General Hos- 
pital, 100 High St., Buffalo, N. Y. Professor of 
Bacteriology and Immunoloay . (C, 1935) 

Witzemann, Edgar J., M.A., Ph.D. Service 
Memorial Building, University of Wisconsin, 
Aladison. Associate Professor of Physiological 
Chemistry. (2, 1925) 

Wolbach, S. Burt, M.D. Harvard University 
Medical School, 25 Shattuck St., Boston, Jkfass. 
Shattuck Professor of Pathological Anatomy; 
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Mcnkr, Armlfrij/of ^Srirtirm. (•!, prinr 

toWM) 

Woirr, Harold G.. M.IX, M.A. Xow York llos- 
liitftl, 52.1 K, CSlli Si., N'l'w A'orl; (’ily. /l.^.ro- 
dale Profrsear o/ Medi'ctttc, Cornell f'mVrr.tiVv 
Medical College; Afrncinie Alleiitling Phuaieian, 
Xev YorX- Ilo.cpilnI. (1. IWO; .1. 1SH2) 

Wood. Karl 11., M.S., I’h.n., M.IK* Mayo Aoro- 
mcdical Unit, Mayo rotiiulalioii, liorluMii'r, 
Minn. Aeddnnt in I’hiiaioinpi/. (1, Mil.'!) 

Wood, Hnr.a(io C.. Jr.. M.D., Pli.M. .110 .S. .IKst 
St,, riiiladolpliia, P.a. Proferror of Pharma- 
eologij and Tlicrapentier, Unucrsil!i of I'enn- 
sykania; Profesfor of Materia Medico, Phila- 
delphia College of Pharmncii and Scienee. (.1, 
IMS) 

Woodbury, Hobcrl A„ Pli.T)., M.11. Univcr.Yity 
of Gcorpia, Scluxd of Motiioinc, AoRtisla. Peo- 
fessorof Pharmacolog;/. (1, 1030;.1, 1011) 
Woodruff, Lorondc Loss. A.M., Ph.n. Vale 
Univeraify, X'cw Haven, Conn. Profetaor of 
Protoepology; Member, A'ational Aendemy of 
Scicncca. (I, 1010) 

Woods, Alan C., M.D. Wilmcr Instilvitc, .lolina 
Hopkins Ilospil.al, Haltimoro, Md. Ophthal- 
nologist-in-Chicf; Acting Profeeror of Ophthal- 
mology, Johns Hopkins Unirersity; Director, 
Wflrncr Ophthalmological Institidc. (G, 191S) 
Woods, Ella, A.M., Ph.D. University of Idaho, 
Moscon-. Home Economist, Experiment Station. 
(2, 1925 ; 5, 1033) 

Woodward, Alvalyn E., M.S., Pli.D. University 
of Michigan, Ann Arbor. Assistant Professor 
of Zoology. (1.1932) 

M’oodyatt, Rollin T.. M.D. 237 E. Delew.are 
Place, Chicago, III. Professor of Medicine, Rvsh 
Medical College, University of Chicago. (2, 
1912) 

M'oolley, Dillworlh W., Ph.D. Hockcfeller Insti- 
tute for Medical Research, CGtli St., and York 
Ave.,Xcw York City. Fellow. (5,1941) 
Woolsey, Clinton N., M.D. Johns Hopkins Uni- 
versity School of Ylndicinc, Baltimore, Md. 
Fellow in Orthopedic Surgery. (I, 193S) 
bright, Angus, M.D. University of Southern 
California Aledical School, C57 S. Vestlake Avc., 
hos .Angeles. Instructor in Pathology; Patholo- 
gist, California Hospital. (4, 1935) 
bright, Arthur IV,, M.D. Albany' Medical Col- 
lege, New Scotland Ave., Albany, N. Y’". Pro- 
/Msor of Pathology and Bacteriology. (4, 1041) 
bright, Charles Ingham, M.S„ Ph.D, National 
Institute of Health, Bethesda, Md, Pharmu- 
oologisl, V.S. Public Health Service, (I, 1935; 
3. 1936) 

l'’right, Harold N., M.S,, Pli nelly of 

Minnesota, Minneapolis, A •dvesUr 

of Pharmacology. (3, K);-!!!) 

1 


AVrlghl, Sydney I,., M.A., Pli.D. ICnd.smcnl h'ann 
Gli'iiflide, Pa. (2, 1933) 

Wiilwn, Rosalind, M..S., Ph.D, Oregon State 
College, Corvallis. Assistant Professor of Zool- 
ogy. (I, 1910) 

Wyckoff, Ralph \S. G., Ph.D. Reichcl I/d)ora- 
lorie.s, Kimberton, Pa. Technical Director. 
(0, 1910) 

Wyninn, Jcffric.s, Jr., Pli.D. Harvard Univer- 
sity, Cambridge, Mass. Associate. Professor of 
Zoology and Chairman of the Board of Tutors in 
Division of Biology. (1, 192S) 

Wyman, I.einnd C., Ph.D. Bo.ston University 
School of Medicine, Boston, Afa.s.s. Associate 
Professor of Physiology. (1, 1927) 

Wynne, Arthur Al., M.A., Ph.D., F.R.S.C. Dc. 
pnrlment of Biocliemistry, Univcr.sily of To. 
ronto, 'foronto, Canada. Professor of Biochem- 
istry. (2, 1910) 

Ycrkc.s, Rohcrl M., Pli.D. Y’alc I>aboratoric.s of 
Primtitc Biology, 333 Cedar St., New Haven, 
Conn. Professor of Psychobiology, Vale Uni- 
versity; Member of the Afalionol Academy of 
Sciences. (1, 1901) 

Y'onkman, Frederick F., Ph.D,, M.D. Wayne 
University College of Medicine, Detroit, Mich. 
Professor of Pharmacology and Tlicrapculics. 
(3, 1931) 

Y'oumnn.s, William Barton, M.A,, Pli.D. Uni- 
versity of Oregon Mcdiaal School, Portland. 
Assoc. Professor of Physiology. (1, 1939) 

Young, A. G., Ph.D., M.D. 520 Commonwealth 
Ave., Boston, Ma.s.s. Assistant Professor of 
Therapeutics, Boston University School of 
Medicine; Medical Director, Corey Hill Hospital, 
Brookline. (3, 1925) 

Y'oung, E. G., Ph.D., F.R.S.C. Dalhoii.sie Uni- 
versity, Halifax, N. S., Canada. Professor of 
Biochemistry. (2, 1925) 

Y'oungburg, Guy E., M.S., I’li.D. 170 Admiral 
Rd., Biiffolo 1C, N. YY Professor of Biological 
Chemistry, University of Buffalo. (2, 1027) 
Yuilc, Charles L., M.D., C.M. Pathological In- 
stitute, McGill University, Montreal, Canada, 
Assistant Professor of Pathology. (4, 1(111) 
2echmcister, L. California Institute of Tech- 
nology, Pasadena. Professor of Organic Chem- 
istry. (2, 1941) 

Zeckwer, Isolde T., M.D. Scliool of Alcdicinc, 
University of Pennsylvania, Philadelphia. As- 
sistant Professor of Pathology. (I, 1931 ; 4, 1927) 
Zimmerman, Harry M., M.D. Ynhi University 
School of Medicino, 810 Cedar St., Now Haven, 
Conn. Associate Professor of Patholog 4 
1933) 

Zwemor, Rnyiniiiid L., Pli.D. C 
eiiiiiB and iSurgooiiB, Coluinb' 

W. lOSlh St., Now Y'ork 
fvssor of Anatomy. 
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Summary of Membership 

f 

The American Physiological Society 842 

The American Society of Biological Chemists 608 

The American Society for Pharmacology and Experimental Therapeutics • 284 

The American Society for Experimental Pathology 295 

The American Institute of Nutrition 271 

American Association of Immunologists 246 

Total Members by Societies 2546 


DECEASED MEMBERS 

Abel, John J. (1, 2, 3) May 26, 1938. 

Abbott, A. C. (1) September 11, 1936. 
Abramson, H. L. (6) April, 1934. 

Adami, J. George (2) August 29, 1926. 

Adler, Herman M. (2) December 6, 1935. 

Adler, Isaac (3) February 2, 1912. 

Alsberg, Carl L. (1, 2) October 31, 1940. 
Apfelbach, Carl Wesley (4) June 25, 1943. 
Armsby, H. P. (1) October 19, 1921. 

Atkinson, Harry V. (3) May 7, 1939. 

Atwater, W. O. (1) September 22, 1907. 

Austin, William C. (2) November 20, 1935. 
Bancroft, F. W. (1) August 23, 1924. 

Banting, F. G. (3) February 21, 1941. 

Banzhaf, Edwin J. (2, 6) March 17, 1931. 

Barbour, Henry Gray (1, 2, 3) September 23, 1943. 
Benedict, Stanley R. (1, 2) December 21, 1936. 
Beyer, Henry G. (1) December 9, 1918. 

Black, Otis Fisher (2) October 14, 1933. 

Blackfan, Kenneth D. (5) November 5, 1941. 
Bleile, Albert M. (1) August 16, 1933. 

Bodansky, Meyer (2) June 14, 1941. 

Bowditch, Henry P. (1) March 13, 1911. 

Braman, Winfred W. (5) March 24, 1937. 

Brodie, Maurice (6) M.ay 9, 1939. 

Brodie, Thomas G. (1, 2) August 20, 1916. 
Brown, Wade H. (3, 4) August 4, 1942. 

Brubaker, Albert P. (1) April 29, 1943. 

Bull, Carroll G. (6) May 30, 1931. 

Bullowa, Jesse G. M. (3, 6) November 9, 1943 
Burget, G. E. (1) June 4, 1938. 

Busch, Fred C. (1) January 3, 1914. 

Callison, William E. (3) February 26, 1937. 
Chapman, Henry C. (1) September 7, 1909. 
Chillingworth, F. P. (1) June 30, 1938. 

Clark, Admont Halsey (1) October 13, 1918. 
Clark, G, P- (1) September 1, 1907. 

Cleghorn, Allen M. (1) March 20, 1916. 

Cohen, Seymour J. (3) June 11, 1942. 

Connor, Charles L. (4) June 12, 1941. 

Cook, Frank C. (2) June 19, 1923. 

Coulter, Calvin B. (4) May 10, 1940. 

Crawford, Albert C. (3) March 14, 1921. 

Crile, George W. (1, 3) January 7, 1943. 

Cullen, Glenn E. (2, 5) April 11, 1940. 

Curtis, John G. (1) September 20, 1913. 

Cushing, Han’ey (1, 4) October 7, 1939, 


Cushny, A. R. (1) February 25, 1926. 

Dalton, J. C. (1) Februaiy 12, 1889. 

Dastre, A. (Ih) October 25, 1917. 

D'Aunoy, Joseph Rigney (4) September 17, 1941 
Davis, Alice Rohde (2) August 22, 1933. 
Dawson, Wilfred T. (1, 3) September 19, 1939. 
Denis, Willey (1, 3) January 9, 1929. 

Donaldson, Henry H. (1) January 24, 1938. 
Dooley, David H. (1) April 11, 1927. 

Dreyer, George P. (1) February 27, 1931. 
Dunham, Edward K. (2) April 16, 1922. 

Dusser de Barenne, J. G. (1, 3) June 9, 1940. 
Edmunds, Charles W. (1, 3) March 1, 1941. 
Englemann, Th. W. (Ih) May 20, 1909. 

Ets, Harold N. (1, 3) June 25, 1943. 

Ewing, Ephraim MacDonald (1) August 27, 1925. 
Fitch, Richard H. (1, 3) January 7, 1939. 

Fitz, George W. (1) October 28, 1934. 

Folin, Otto (1, 2, 3) October 26, 1934. 

Foster, Nellis Barnes (2) August 20, 1933. 

Franz, Shepherd Ivory (1) October 14, 1933. 
Gager, C. Stuart (2) August 9, 1943. 

Gates, Frederick L. (3, 4) June 17, 1933. 

Gay, Frederick P. (4, 6) July 14, 1939. 

Goodale, George L. (1) April 12, 1923. 

Gortner, Ross A. (2) September 30, 1942. 
Greeley, A. W. (1) May 15, 1904. 

Gross, Louis (4) October 17, 1937. 

Hall, G. Stanley (1) April 24, 1924. 

Halsted, William S. (4) September 7, 1922. 
Hammersten, O. (Ih) September 21, 1932. 
Harding, Victor John (2) July 10, 1934. 

Hare, Hobart Amory (1) June 15, 1931. 

Haskins, Howard Davis (1, 2) November 19, 1933. 
Hawkins, James A., (1, 2) July 26, 1937. 
Henderson, Lawrence J. (1, 2) February 10, 1942. 
Herter, C. H. (1) December 5, 1910. 

Hess, Alfred Fabian (2, 5) December 5, 1933. 
Hewlett, Albion Walter (1, 3, 4) November 10, 1925. 
Hirschfelder, Arthur D. (1, 2, 3) October 11, 1912. 
Hiss, Philip H., Jr. (2, 3) February 27, 1913. 
Hofmeister, F. (Ih) July 26, 1922 
Hooper, Charles Warren (1) January 27, 1936. 
Hough, Theodore (1) November 30, 1924. 

Howland, John (2) June 20, 1926. 

Huber, G. Carl (1) December 26, 1934. 

Inman, Ondess L. (2) July 21, 1942. 

Jackson, Holmes C. (1, 2) October 25, 1927. 
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Jiltc, Hcrmtinn R. (4, G) Doccmbpr 17, 1G37. 
James, \Vm. (1) Axipust 20, 1010. 

Jenkins, Oliver P. (1) .liinxiary 0, lOS.'i. 

Jones, Frederic S. (4) October 10, 1031. 

Jones, M'ftlter (1, 2) I'olxninr.v 2.*', lOO."). 

Jordan, F.dxvin O. (1) September 2, 1030. 

Joseph, Ron R, (I, .3) .Inly 0, 102S. 

Kahn.Mnx (2) April S, 1020. 

Kaslle, Joseph H. (1, 2) Scptemlier 21, 1010. 
Kins, Walter E. (C) May 1, 1030. 

Klotz, Oskar (4) November 3, 1030. 

Koch, Waldemar (.3) I'eliruary 2, 1012. 

Koessler, Karl K, (2, 4, G) February 13, 102S. 
Krause, Allen K. (4) May 12, 1011. 

Kriss.Max (3) Novcmlxer 1.3, 1011, 

Kturavriede, Charles (G) December 20, 1030. 
Landstcincr, Karl (4, G) .Tune 20, 1013. 

Langley, J. N. (1) Novemlier .5, 102.3. 

Langworlhy, Charles F. (2) Marcli 3, 1032. 

Lee, Frederic S. (1) December 11, 1030. 

Leech, Paul Nicholas (.3) .lanuary M, 1011. 
Levene, Phochus A. (1, 2) September G, 1010. 
Lewis, Dean (1) October 0, 1011. 

Lewis, Paul A. (3, 4, G) June .30, 1020. 

Lingle, D. J. (1) November 27, 1030. 

L«eb, Jacquc.s (1, 2) February 11, 1024. 
Loerenhart, A. S. (1, 2, 3) April 20, 1020. 

Long, John H. (2) June 14, lOlS. 

Lombard, Warren P. (1) July 13, 1030. 
busk, Graham (1, 2, 5) July IS, 1032. 
tyon, Elias P. (1) May 4, 1937. 

Jfacallum, .Archibald Byron (1, 2) April o, 1931. 
Macleod, John James Rickard (1) March IG, 1935, 
SlcCordoek, Howard A, (4) November 13, 103S. 
McGlonc, Bartfiis (1) November 10, 1911. 
McKinley, Earl B. (4, G) July 2S, 193S. 

Magnus, Rudolf (3) July 25, 1927. 

Mall, Franklin P. (1) November 17, 1917. 

Mallory, F. B. (4) September 2S, 1941. 

Mandel, John A. (1, 2) May 5, 1929. 

Mann, Gustav (1) July IS, 1921. 

Marriott, W, AIcKim (2, 5) November 11, 1030. 
Marshall, John (1, 2) January 5, 1925. 

Martin, Ernest Gale (1) October 17, 1934. 

Martin, H. Newell (1) October 27, 1S06. 
lafson, Ray W. (S) September, 1934. 

Mathews, Samuel A. (1, 3) February 19, 192S. 
Marimow, Alexander A. (4) December 4, 192S. 
Maxell, S. S. (1) January 28, 1039. 

ajgs, Edward B. (1, 2, 5) November 5, 1940. 

AT I (b) December 17, 1923. 

Meltzer, S. J. (i, 2, 3, 4) November 7, 1920. 
»leadel, Lafayette B. (1, 2, 3, 5) December 9, 1935. 
^3h) October G, 1939. ' 
h er, Elmer S. (2) June 11, 1941 .! - 
11 er, Joseph L. (1, 3) August o' 1937. 
t nils, Thomas W. (1) February 13, 1915. 

'“"at, Charles S. (1) November 19, 1914. 

' aheii, S. IFeir (1) January 4, 1914. 


Moore, Llilinn Mary (1) Augu-sl 1, 1929. 

Morris, J. Lucicn (2) Marcli 10, 1020. 

Moyer, Laurence S. (2) Juno 8, 1912. 

Mycr.s, Harold B. (3) Marcli 10, 1037. 
Neiilinii.scn, Bcnj. S. (2) August 20, 1923, 

Nelson, Louis (3) April 14, 1912. 

Nichols, Henry J. (4) September 2, 1927. 
NoRiicIit, Hldeyo (4, C) May 21, 1928. 

Osborne, Thomas Burr (1, 2) January 29, 1929. 
Osier, Sir William (1) December 29, 1919. 

Ott, Isaac (1, 3) January 1, 191G. 

Park, William H. (4, Gh) April 0, 1939. 

Pavlov, Ivan P. (Ih) February 27, 1930. 

Pearce, Richard M., Jr. (4) February 10, 1930. 
Pcrln, David (4, 6) June 14, 1910. 

Peters, H. C. (1) July 13, 1912. 

Potllbone, C. J. V. (2) .Marcli 8, 1929. 

PfniT, Franz (I, 2) Sc()tcmbcr 20, 1920. 

PnUger, E. (Ill) Marcli 17, 1910. 

Pincussen, Ludwig (2) November 30, 1941. 
Plant, Oscar H. (1, 3) October 1, 1939. 

Prince, Alexander L. (1) May 25, 193S. 

Rnnson, S. W. (I) .August 30, 1012. 

Reichert, Edward T. (1) December 25, 1931. 
Richards, Herbert M. (2) January 9, 1928. 
Robertson, T. Brailsford (2) January 27, 1930. 
Rockwood, Elbert W. (2) July 17, 1935. 
Roscnbloom, Jacob (2) September 25, 1923. 
Rose, Mnry Schwartz (1, 2, 5) February 1, 1941. 
Ross, Ellison, L. (2, 3) December 21, 1938. 

Rowe, Allan Winter (1, 2, 5) December 0, 1934. 
Uutnn, Robert F. (2) February 19, 1930. 

Schafer, Sir Edward Slmrpcy (Ih) March 29, 1935. 
Schitr, Fritz (G) 1940. 

Schocnhcimcr, Rudolf (2) September 11, 1941. 
Scott, J. M. Duncan (1) January 28, 1930. 
Sedgwick, W'illinm T. (1) Janu.ary 20, 1921. 
Scllards, Andrew Watson (4) December 1, 1942, 
Scwall, Heno’ (1) Julj' 8, 1930. 

Shaw, Louis A. (1) -August 27, 1940. 

Sheldon, Ralph E. (1) July 9, 1918. 

Shore}’, Edmund C. (2) January 30, 1939. 

Simon, Charles E. (1, 2) November 8, 1927. 
Sinclair, A, N. (G) October 21, 1930, 

Simpson, G. E. (2) December 23, 1927. 

Simpson, Sutherland (1) March 2, 1926. 

Smith, H. E. (1) October 9, 1933. 

Smith, R. Meade (1) 1919. 

Smith, Theobald (4h, 6) December 10, 1934. 
Spaeth, Reynold A. (1) January 20, 1925. 
Sternberg, G. M. (1) November 3, 1915. 

Stevens, Herman C. (1) May 27, 1934. 

Stewart, ,,G. N. (1, 3, 4) May 28, 1931. 

Stiles, .Pehey G. (1) July 5, 1936. 

Storey,. Thomas A. (1) October 27, 1943. 

Straus, >3 djiry W. (6) 1937. 

Terry, Oli'ver P. (1) December 6, 1933. 
■ThatcRlr, Koscoe Wilfred (2) December 6, 1933. 
Thompson, Wm. G. (1) October 27, 1927. 
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Trask, James D. (6). May 24, 1942. 
Underhill, Frank P. (1, 2, 3) June 28, 1932. 
Van Slyke, Lucius L. (2) September 30, 1931. 
Vaughan, Victor C. (1, 4) October 21, 1929. 
Vincent, S. (1) December 31, 1933. 

Von Briicke, Ernest T. (1) June 12, 1941. 
von Voit, C. (Ih) January 31, 1908. 

Walton, D. C. (3) March 6, 1942. 

Warren, Joseph W. (1) December 20, 1916. 
Warthin, Aldred Scott (4) May 23, 1931. 
Webster, Leslie T. (4) July 12, 1943. 


Webster, Ralph W. (2) July 2, 1930. 

Weil, Richard (3, 6) November 19, 1917. 
Weiss, Soma (3) January 31, 1942. 

Welch, William H. (1, 4h) April 30, 1934. 

Wells, H, Gideon (2, 4, 6) April 26, 1943. 
Westbrook, Frank F. (1) October 21, 1918. 
Wherry, William Buchanan (4) November 1, 1936. 
Wiley, Harvey W. (2) June 30, 1930. 

Woelfel, A. (1) January 31, 1920. 

Wood, Horatio C. (1) January 3, 1920. 

Zinsser, Hans (4, 6) September 4, 1940. 
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Anoi.rii, K, F. I’liysiiolocical fUnoss for the 
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R.ST, F. \V., Chairman, Symposium: Can 
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CKNSES, -Special, in relation to military prob- 
lems, 107 

Sti;vi:.v.s, .S. S. See Cakson, .Miles and Stev- 
ens, 120. 


glCHNA, L. AV. See Bean and Eiciina, 111. 
Euphoria, ISS. 

p-ATIGUE, psychological factors in, 131. 

QELLHORN, E. and H. Hailsian. The effect 
of anoxia on sense organs, 122. 
x)Hah.u[, C. H. Visual space perception, 115. 


rpEMPERATURE, environmental, performance 
in relation to, 111. 
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' VissciiEn, M. B. Chairman, Symposium on 
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P[A1LMAN, 11. See Gellhohn and IIail- 
-Uan, 122. 


WRIGHT, S. 
’ Avar, 131. 


British physiology and the 


295 



